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ABSTRACT

DESADE is a Fortran IV program for computing the current-
induced static deflections of Structural Cable Arrays. As dimen-
sioned, the program can handle arbitrarily configured arrays of up to
22 cables. The cables can be electromechanical, wire rope, or syn-
thetic. Any number of discrete devices (buoyancy elements, current
meters, tensiometers, etc.) can be incorporated- in the array. An
option for parametric studies is included in the program, as is an
option for incorporating arbitrary current fields. As written,
DESADE should be compilable on most Fortran IV compilers with
Boolean algebra capabilities.

PROBLEM STATUS

This is a final report on one phase of a continuing NRL Problem.

AUTHORIZATION

NRL Problem F02-33
Project XF-11-121-001

Manuscript submitted July 17, 1973.

iii



A FORTRAN IV PROGRAM FOR COMPUTING
THE STATIC DEFLECTIONS OF
STRUCTURAL CABLE ARRAYS

INTRODUCTION

DESADE is a Fortran IV program for computing the current-induced static deflec-
tions of structural cable arrays. The solution algorithm is the Method of Imaginary Re-
actions (1, 2) combined with the method of successive approximations for treating posi-
tion- and configuration-dependent forces (3, 4).

As dimensioned, the program can handle arbitrarily configured arrays of up to 22
cables. The cables can be electromechanical, wire rope, or synthetic. Any number of
discrete devices (buoyancy elements, current meters, tensiometers, etc.) can be incorpo-
rated in the array.

Certain limitations are placed on the structural characteristics of the arrays which
can be analyzed by this program. These limitations are as follows:

1. No cables or cable segments can lie on the ocean floor.

2. The dimensions of each discrete device must be small compared to overall array
dimensions. Thus, for example, the application of this program to the analysis of an
anchorage for a submerged submarine is not valid.

3. All parts of the array must be submerged. Thus, an array containing a surface
buoy cannot be validly analyzed using this program. (The reason for this is that a surface
buoy generates only one geometric constraint on its location.) An exception occurs when
all three coordinates of a device on the surface can be specified-for example, the coordi-
nates of a ship handling a crown line.

Also, certain hydromechanical assumptions are incorporated in the program as writ-
ten. These are as follows:

1. The only hydrodynamic force considered to be acting on the discrete devices is a
drag force. Lift forces are neglected as being small compared to the weight, buoyancy,
and drag forces on these devices.

2. The only hydrodynamic force considered to be acting on the cables is the normal
drag force. Tangential drag forces and Magnus effect forces are neglected, as they produce
small effects compared to the normal drag force. (See Ref. 5 for a comprehensive dis-
cussion of cable loading functions.)
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3. The current, though depth dependent in magnitude, is unidirectional and horizon-
tal. Options exist within the program, however, both for varying the relative direction
between current and array and for specifying an arbitrary current field.

An option for parametric studies (changes in weights, diameters, cable lengths, an-
chor locations, etc.) is included in the program. DESADE also contains a series of error
checks which insure that all input data are properly formulated.

The computer program is available on written request to the authors.

COMPUTER REQUIREMENTS

As written, DESADE should be compilable on most Fortran IV compilers with
Boolean algebra capabilities. Memory requirements for the program are approximately
30,000 words in single precision. Access to one, two, or three magnetic tape units, de-
pending on the I/O options chosen, is required by the program.

PROGRAM OPERATION

The overall operation of the program DESADE is shown in the flow diagram in
Fig. 1. The source language listing of the program is given in Appendix A, and numerical
examples in Appendix B.

ARRAY DESCRIPTION

Typical cable arrays which can be analyzed using DESADE are shown in Figs. 2a-2d.
The figures also show the numbering and coordinate system conventions required for
transmitting the array geometry to DESADE. These conventions are as follows:

1. The cables comprising the array must be numbered consecutively from one to the
total number of cables in the array (C1, C2, ... in Fig. 2). Each cable so designated must
have uniform properties (weight, drag coefficient, diameter, and constitutive relation)
along its length. A change in property also requires a change in cable number as illus-
trated in Fig. 2a.

2. The termination points of the cables in the array are called junctions. A junction
may designate an anchor, the intersection point of two or more cables, or the free end of
a cable such as illustrated by junction J9 in Fig. 2c. The junctions must also be num-
bered consecutively from one to the total number of junctions in the array (Ji, J2, ... in
Fig. 2).

3. A fixed, right-handed (X, Y Z) Cartesian coordinate system must be chosen to
describe the configuration of the array in space. The origin of the coordinate system can
be arbitrarily located. The Z axis must be defined parallel to the direction of gravity and
increasing upward. All coordinates are measured in feet.

4. The junction numbers corresponding to anchors and the coordinates of the an-
chors must be tabulated according to the scheme illustrated in Table 1.

2
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Fig. 1-Generalized flow diagram of DESADE operation
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Table 1. Anchor Tabulation

Column 1 Column 2 J Column 3 j Column 4

Junction number of X coordinate Y coordinate Z coordinate
Anchor (ft) (ft) (ft)

REDUCTION TO A STATICALLY DETERMINATE ARRAY

Before an arbitrary cable array can be analyzed by DESADE, a sufficient number of
cuts must be made in the array to reduce it to a statically determinate structure. The
effects of the constraints removed by these cuts are replaced by imaginary and equilibrat-
ing reactions (1, 2).

The number of cuts required to reduce a cable array to a statically determinate
structure is determined uniquely from the relation

number of cuts = number of cables + number of anchors - number of junctions. (1)

Certain rules must be adhered to as the required cuts are made. These rules are as
follows:

1. All required cuts must be made at points directly adjacent to array junctions-that
is, at end points of the cables comprising the array.

2. The first group of cuts must be made so as to release all but one cable from an
anchor.

3. The remaining required cuts are made within the array structure and must be
located so as not to break the array into two (or more) parts.

4. As cuts are made, each new cut must be assigned a consecutive junction number,
continuing from the last-used junction number. Also, the junction number (in the origi-
nal array) at which the cut is made must be tabulated.

In effect, applying rules 1-3 reduces the array to the equivalent of a topological tree.
As the name implies, this is a continuous structure containing only one fixed point and
for which a unique (nonduplicative) path exists from any point to any other point.

Examples of proper reductions to statically determinate structures for the arrays
illustrated in Figs. 2a-2d are shown in Figs. 3a-3d, respectively. In each of these figures,
the left-hand schematic shows the reduced array while the right-hand schematic depicts
the topological tree representation of the reduced array. The information required by
rule 4, which represents geometric constraints on the reduced array, is tabulated below
the left-hand schematic in each figure.

Finally, it is necessary to define directions of increasing arc length along the cables
comprising the array. The tree representation of the reduced array is used primarily for
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this purpose. These directions, indicated by the arrowheads in the right-hand schematic
of each figure, are identified by starting from the base of the tree and climbing "up" the
tree.

Let the measure of arc length along a cable be denoted by s which increases from
zero to the total length of the cable L. Then, the required information on increasing
directions of arc length can be summarized in terms of array junctions as shown in the
table below the right-hand schematic in each figure.

Once an array has been reduced to the state represented by Fig. 3, it is amenable to
analysis by the program DESADE.

STANDARD CURRENT FIELD

The standard current field is taken to be unidirectional and horizontal, though depth
dependent in value. Thus, if the angular direction of the flow with respect to the X axis
is denoted by 0 (Fig. 4a), the standard current field Vs can be written as

V = V(Z) [ cos + sin ]

Here, i and j are unit vectors in the X and Y directions, respectively. V(Z) specifies the
value of the current as a function of the Z coordinate. This functional relationship must
be tabulated as in Table 2.

Table 2. Current Tabulation

Column 1 Column 2

Z coordinate (ft) V(Z) (knots)

Up to 25 rows are permitted in Table 2. At least one of the Z coordinates in Table
2 must be less than or equal to the minimum Z coordinate in Table 1.

Program DESADE takes the data in Table 2 and fits it by a series of straight-line
segments between values of V at adjacent values of Z (Fig. 4b). The current below the
minimum Z value is considered constant and is given the value of V at the minimum Z.
Similarly, the current above the maximum Z is considered constant and given the value
of V at the maximum Z.

An option exists for substituting an arbitrary current field for the standard current
field (see Appendix C).

8
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* DATA FROM
TABLE 2

Y

0Y V(Z)
CURRENT

9 CURRENT ANGLE

x
(a) (b)

Fig. 4-Standard current field used in DESADE
(a) Current angle, o, (b) Current profile, V(Z)

INPUT CARDS

Each input card to DESADE contains a 4-digit integer (-999 to 9999) card number
in columns 1-4, a 4-character card type identifier in columns 5-8, and descriptive proper-
ties of the array in the remaining fields.

9
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LUN Card

Notes: The LUN card is used to transmit the logical unit numbers of the I/O devices
and the I/O options. The LUN card must be the first card in the input deck.

Two input options are available:
0-the physical characteristics of the array are to be read from the cable

array source deck (see CABLE ARRAY SOURCE DECK)
1-the physical characteristics of the array are to be read from the cable

array source tape (see CABLE ARRAY SOURCE TAPE).
Three output options are available:

0-a structural output to the line printer (see STRUCTURAL OUTPUT)
1-a device location output to tape or cards (see DEVICE LOCATION OUT-

PUT)
2-both of the above.

Field Columns Format Contents Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 -LUN

3 9-16 I8 Unit number of card reader

4 17-24 I8 Unit number of line printer

5 25-32 18 Unit number of temporary storage
tape

6 33-40 18 Input option (0 or 1) See notes

7 41-48 I8 Blank if input option = 0.
Unit number of source tape if
input option = 1.

8 49-56 I8 Output option (0, 1, or 2) See notes

9 57-64 I8 Blank if output option = 0.
Unit number of output tape or card
punch if output option = 1 or 2.

10 65-72 not used

11 73-77

12 78-80

10
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NJNC Card

Field Columns Format Contents Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 NJNC

3 9-16 I8 Number of junctions in original
(unreduced)l array 2- 44

4 17-24 not used

5 25-32 ,

6 33-40 ,

7 41-48 ,

8 49-56 ,

9 57-64 , ,

10 65-72 ,,,

11 73-77 ,, ,,

12 78-80 , ,

Note: The NJNC card is used to transmit the
reduced) array.

number of junctions in the original (un-

11
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ANC Card
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Field Columns Format Contents Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 -ANC

3 9-16 I8 Junction number of anchor 1-44

4 17-24 F8.0 X coordinate of anchor ft

5 25-32 F8.0 Y coordinate of anchor ft

6 33-40 F8.0 Z coordinate of anchor ft

7 41-48 not used

8 49-56 ,

9 57-64 ,

10 65-72

11 73-77 ,,

12 78-80 , ,

Note: The ANC cards are used to transmit the data in Table 1. There must be one
ANC card for each anchor in the array.
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IR Card

Field _JColumns Format Contents Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 AAIR

3 9-16 I8 Junction number assigned to a cut
in the reduced array 1-44

4 17-24 I8 Junction number at which cut is 1-44
made in the original array

5 25-32 not used

6 33-40 ,

7 41-48

8 49-56

9 57-64 , ,

10 65-72

11 73-77 ,.

12 78-80

Note: The IR cards are used to transmit the information contained in the table below
the left-hand schematic in each of Figs. 3a-3d. There must be one IR card for each cut made
in going from the original to the reduced array.

13
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CAB Card

Field _JColumns| Format Contents Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 -CAB

3 9-16 I8 Cable number 1-22

4 17-24 I8 s = 0 junction number 1-44

5 25-32 I8 s = L junction number 1-44

6 33-40 F8.0 Cable weight per length in surround-
ing fluid; + if positively buoyant, - if
negatively buoyant lb/ft

7 41-48 F8.0 Normal drag coefficient of cable

8 49-56 F8.0 Cable diameter in.

9 57-64 F8.0 Total cable length (unstressed) ft

10 65-72 F8.0 Cable rigidity, C (see notes) lb

11 73-77 F5.0 Exponent in constitutive relation, k
(see notes) >0

12 78-80 I3 Number of finite elements by which
cable is to be represented >0, 50

Notes: The CAB cards are used to transmit the information contained in the table be-
low the right-hand schematic in Figs. 3a-3d (fields 3 to 5), the physical characteristics of the
cables in the array (fields 6 to 11), and the fineness by which the cables in the array are to
be modeled (field 12). There must be one CAB card for each cable in the array.

The constitutive relation for a cable can, in general, be written (6) as e = [T/C] k where
e is the strain and T the tension. C and k are constants which depend on the cable material
and construction. Fields 10 and 11 transmit the values of C and k, respectively. An in-
extensible cable is transmitted to DESADE by leaving fields 10 and 11 blank.

14
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DCAB Card

Notes: The DCAB cards are used to transmit the physical characteristics of the discrete
devices (buoyancy elements, current meters, etc.,) attached to the cables in the array. There
must be one DCAB card for each such device in the array.

Two types of devices are permitted:
a. In-line cylindrical (Type 1 or-3); any elongated device (cylinder, ellipse,

etc.) attached so that its longitudinal axis is forced to align with the cable
axis.

b. Free (Type 2 or 4); all other devices.
The Type 1 and 2 DCAB devices (along with Type 2 DJNC devices) are used to control out-
put from DESADE (see STRUCTURAL OUTPUT and DEVICE LOCATION OUTPUT).
These devices must be indexed consecutively (Field 5) from one to the total number of
Type 1 and 2 devices in the array.

A device contained entirely inside the cable should be typed 2 or 4 and fields 7 and 8
should be blank.

Field Columns Format Contents Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 DCAB

3 9-16 I8 Number of cable to which device is
attached 1-22

4 17-24 I8 Device type (1, 2, 3, or 4) See notes

5 25-32 I8 Device index if Type 1 or 2 1-1000

6 33-40 F8.0 Device weight in surrounding fluid;
+ if positively buoyant, - if negatively
buoyant lb

7 41-48 F8.0 Device drag coefficient

8 49-56 F8.0 Frontal area on which drag coefficient
is based (Type 2 or 4) ft 2

Diameter on which drag coefficient
is based (Type 1 or 3) in

9 57-64 F8.0 Device length (Type 1 or 3 only) ft

10 65-72 F8.0 Unstressed distance of device from
s = 0 junction of the cable ft

11 73-77 not used

12 78-80

15
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DJNC Card

Field Columns Format Contents Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 DJNC

3 9-16 I8 Number of junction to which device
is attached 1-44

4 17-24 I8 Device type (2 or 4) See notes

5 25-32 I8 Device index if Type 2 1-1000

6 33-40 F8.0 Device weight in surrounding fluid;
+ if positively buoyant, - if negatively
buoyant lb

7 41-48 F8.0 Device drag coefficient

8 49-56 F8.0 Frontal area on which drag coefficient
is based ft2

9 57-64 not used

10 65-72 ,

11 73-77 ,,

12 78-80

Notes: The DJNC cards are used to transmit the physical characteristics of the dis-
crete devices attached to the junctions in the array. There must be one DJNC card for each
such device in the array.

Since an in-line device cannot physically exist at a junction (cable termination), only
free (Type 2 or 4) devices are permitted at a junction. The Type 2 DJNC devices (along with
Type 1 and 2 DCAB devices) are used to control the output from DESADE (see STRUC-
TURAL OUTPUT and DEVICE LOCATION OUTPUT). These devices must be indexed
consecutively (Field 5) from one to the total number of Type 1 and 2 devices in the array.

16
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DEN Card

Field j Columns j Format j Contents j Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 -DEN

3 9-16 F8.0 Density of fluid in which array is
suspended lb S2 ft-4

4 17-24 not used

5 25-32 ,

6 33-40 , ,

7 41-48 ,

8 49-56

9 57-64

10 65-72 ,

11 73-77 ,, ,,

12 78-80 ,

Note:
suspended.

The DEN card is used to transmit the density of the fluid in which the array is

17
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Field Columns J Format Contents j Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 AEOD

3 9-16 not used

4 17-24 ,

5 25-32 ,

6 33-40

7 41-48

8 49-56 , .

9 57-64

10 65-72 , .

11 73-77 ,. ..

12 78-80 "

Note: The EOD card is used to specify the end of data transmission.
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NDAT Card

Notes: The NDAT card is used to specify that new, modified, or additional data follow
and to transmit the current field option.

Three current field options are available:
0-no current;
1-standard current field (the no-current configuration is also calculated as part of

this option, Fig. 1);
2-nonstandard current field (see Appendix C; the no-current configuration is also

calculated as part of this option, Fig. 1).

Field Columns Format Contents Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 NDAT

3 9-16 I8 Current field option (0, 1, or 2) See notes

4 17-24 not used

5 25-32

6 33-40

7 41-48

8 49-56

9 57-64

10 65-7211 73-77 ,. ..
12 78-80

19
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COMP Card

Notes: The COMP card is used to transmit the accuracy requirement imposed on the
array equilibrium calculations. This accuracy requirement, specified in Field 3, insures that
the calculated coordinates of every point in the array are within ± Field 3 of their exact
values.

The accuracy obtainable is limited by the significant-figure capacity of the computer
being used and by the largest linear dimension in the array. Let the number of significant
figures carried in single precision be n, and let the characteristic of the common logarithm
of the largest linear dimension be m. Then, the value of Field 3 is usually bounded by
Field 3 > lom-n+3. (For example, suppose n = 8 and the largest dimension is 25,000 ft.
Then, Field 3 > 0.1 ft.) Occasionally, a larger minimum value must be used. A COMP
card must appear after the first NDAT card. See PARAMETRIC STUDY SOURCE
DECKS.

Field J Columns J Format Contents Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 COMP

3 9-16 F8.0 Accuracy required in array equilib-
rium calculations ft

4 17-24 not used

5 25-32

6 33-40

7 41-48 , .

8 49-56

9 57-64

10 65-72

11 73-77

12 78-80

20
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VEL Card

Notes: The VEL cards are used to transmit the data in Table 2. There must be one
VEL card for each value of Z at which the current velocity is specified.

Up to 25 VEL cards are permitted. At least one of the Z coordinates transmitted by
the VEL cards must be less than or equal to the minimum Z coordinate transmitted by the
ANC cards. For further information see STANDARD CURRENT FIELD.

The VEL cards must not appear after an NDAT card specifying a current field option

= 0. All VEL cards required to transmit the current profile must appear after the first
NDAT card specifying a current field option = 1. See PARAMETRIC STUDY SOURCE
DECKS.

Field Columns Format Contents Comments

1 1-4 14 Card number -999 to 9999

2 5-8 A4 -VEL

3 9-16 F8.0 Z coordinate at which current
velocity is specified ft

4 17-24 F8.0 Velocity of current at above Z
coordinate knots

5 25-32 not used

6 33-40 ,

7 41-48

8 49-56

9 57-64 ,

10 65-72

11 73-77

12 78-80

21
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ANG Card

Notes: The ANG card is used to transmit instructions for changing the angular direc-
tion of the current with respect to the X axis (see STANDARD CURRENT FIELD).
DESADE calculates the array response to the specified current profile from the initial to
the final current angles in increments transmitted by Field 4 (Fig. 1).

An ANG card must not appear after an NDAT card specifying a current field option
= 0. One ANG card must appear after the first NDAT card specifying a current field
option = 1. See PARAMETRIC STUDY SOURCE DECKS.

Field Columns j Format I Contents f Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 -ANG

3 9-16 F8.0 Initial current angle deg

4 17-24 F8.0 Increment in current angle deg, >0

5 25-32 F8.0 Final current angle deg, > Field 3

6 33-40 not used

7 41-48

8 49-56

9 57-64

10 65-72

11 73-77 ,.

12 78-80 _

22
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EOP Card

Field Columns Format Contents Comments

1 1-4 I4 Card number -999 to 9999

2 5-8 A4 AEOP

3 9-16 not used

4 17-24 ,

5 25-32 ,

6 33-40

7 41-48

8 49-56

9 57-64 ,

10 65-72

11 73-77 ,.

12 78-80 ,

Note: The EOP
normal termination.

card is used to specify the end of the problem and is required for a

23
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CABLE ARRAY SOURCE DECK

The cable array source deck contains all of the cards required to describe the physical
characteristics of the cable array under consideration. The last card in the cable array
source deck must be an EOD card to signify the end of data transmission. The form of
the cable array source deck is given below.

Cable Array Source Deck

Card Type* Comments

NJNC

ANC One for each array anchor

IR One for each cut in going from original to reduced array

CAB One for each array cable

DCAB One for each discrete device attached to a cable

DJNC One for each discrete device attached at a junction

DEN

EOD Must be last card in source deck

*These cards may be arbitrarily ordered except for the EOD card. It is strongly recommended that the
cards in the cable array source deck be given unique card numbers (Field 1 of each card). Note that
LUN, NDAT, COMP, VEL, ANG, and EOP cards are not permitted in the cable array source deck.

CABLE ARRAY SOURCE TAPE

The cable array source tape is an alternate means of transmitting to DESADE the
physical characteristics of the cable array under consideration. A recommended program
for generating the cable array source tape from the cable array source deck is given below.

Cable Array Source Tape Generation

PRQGRAM STAPE
DIMENSIQN DATA (10)
DATA (IREAD = Unit number of card reader)
DATA (ITAPE = Unit number of source tape)

1 READ (IREAD, 10) (DATA(I), I = 1, 10), EX, NSEG
WRITE (ITAPE, 11) (DATA(I), I = 1, 10), EX, NSEG
IF (DATA(2). EQ. 4H EQD) G T 2
GQ T 1

10 FQRMAT (F4.0, A4, 8F8.0, F5.0, I3)
11 FQRMAT (F4.0, A4, 8E15.8, /, E12.5, I3)

2 REWIND ITAPE
END

Cable Array Source Deck
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PARAMETRIC STUDY SOURCE DECKS

The parametric study source decks are used to transmit accuracy requirements, cur-
rent fields, and changes in the physical properties of the cable array under consideration
to DESADE. Each parametric study source deck must begin with an NDAT card and end
with an EOD card. The form of the parametric study source decks is given below.

Parametric Study Source Decks

Card Type* Comments

NDAT Must be first card in parametric study source deck.
Field 3 (current option) can change as 0 0 1 1 or
0; 0: 2; 2. The change 1; 2, even with inter-
mediate zeros, is not permitted.

COMP Must appear after first NDAT card. The accuracy re-
quirement transmitted is retained until the appearance
of a COMP card in another parametric study source deck.

VEL Must not appear after NDAT card containing current
option 0. All VEL cards required to transmit a current
profile must appear after the first NDAT card contain-
ing current option 1. The current profile transmitted is
retained until the appearance of a VEL card in another
parametric study source deck. The appearance of the
first VEL card in a parametric study source deck zeros
the entire current profile. Thus, to change from one
current profile to another, all VEL cards required to
specify the new profile must appear in the appropriate
parametric study source deck.

ANG Must not appear after NDAT card containing current
option 0. One ANG card must appear after the first
NDAT card containing current option 1. The current
angles transmitted are retained until the appearance of
an ANG card in another parametric study source deck.

ANC Used to change anchor data. See Note.
CAB Used to change cable data. See Note.
DCAB Used to change discrete device on cable data. See Note.

DJNC Used to change discrete device at junction data. See Note.

EOD Must be last card in parametric study source deck.

*These cards may be arbitrarily ordered except for the NDAT and EOD cards. Note that LUN, NJNC, IR,
DEN, and EOP cards are not permitted in the parametric study source decks.

Note. The array design changes which are permitted are those changing the physical
data of the array but not the overall geometric layout of, or the number of discrete
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devices on, the array. These changes are keyed by matching the card number and type
appearing in a parametric study source deck to the card number and type appearing in
the cable array source deck (or tape). A summary of permitted and not-permitted
changes in the array physical data is given below.

Summary of Changes in the Array Physical Data
Permitted (P) and Not Permitted (NP)

Field number

Card Type 1 2 3 4 5 6 7 8 9 10 11 12

ANC NP NP NP P P P notused

CAB NP NP NP NP NP P P P P P P P

DCAB NP NP NP 1 ;_* 2 NP P P P P P not used

DJNC NP NP NP NP NP P P P not used -

OVERALL INPUT DECK

The overall input deck consists of a LUN card specifying the I/O options and the
logical unit numbers of the required I/O devices, followed by the cable array source deck
(or tape), followed by any number of parametric study source decks, and ended by an
EOP card signifying the end of the problem. The form of the overall input deck is given
below.

Overall Input Deck

LUN Card

Cable Array Source Deck (or Tape)
Parametric Study Source Decks

EOP Card

Some examples follow.

1. Compilation of cable array source deck errors only.

1000^LUN..... 60......61^^^^^^24 Blank -

Cable Array Source Deck

1001AEQP Blank
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2. Deflections of the source deck cable array due to a standard current profile.

1000LUN..... 60...... 61 ...... 24 I/O options and units

Cable Array Source Deck (or Tape)

1001NDAT ....... 1 Blank

1002CQMP

1003AVEL

1

1010VEL

1011AANG

1012AEQD

1013AEQP

3. Deflections of the source deck cable array due to a standard current profile and effects
of buoyancy changes on these deflections

1000-LUN ...... 60...... 61 ..... A24 I/O options and units

Cable Array Source Deck (or Tape) containing a card

AAA9DJNC------ 3---AAA 4^.........A 10000...1.95...35.3 Blank

1001NDAT ....... 1 Blank

1002CQMP

1003^VEL

I
1010VEL

1011ANG

1012^ EqD

1013NDAT....... 1 Blank

AAA9DJNC ....... 3.......4........... 12500...1.95A---35.3 Blank

1014AEQD

1015AEQP
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ERROR MESSAGES

DESADE contains a series of internal error checks that insure that correctness of
the reduction of the original cable array to a statically determinate array, the consistency
of the input data, and the proper deck structure. As errors are found, they are trans-
mitted to the line printer under the heading

ERRORS IN PARAMETRIC STUDY SOURCE DECK NUMBER xxx

TYPE CARD NO. CARD TYPE OTHER INFORMATION

Note that source deck number "0" refers to the cable array source deck or tape while
source deck numbers 1, 2, etc. refer to the corresponding parametric study source deck
in the overall input deck. The identification of errors in a particular source deck
terminates program operation after that source deck has been read. The type errors
identified by DESADE are summarized below.

Type 0

A Type 0 error indicates that the card type identifier (Field 2) is not recognizable.

Type 1

Type 1 errors indicate certain obvious typographic errors and certain numbering
errors. A breakdown of Type 1 errors by card type follows.

LUN Card

a. Field 6 * 0 or 1

b. Field 8 0, 1, or 2

c. Non-unique numbers assigned to required I/O units.

NJNC Card

a. 2 > Field 3 > 44

ANC Card

a. 1 > Field 3 > 44

IR Card

a. Field 3 = Field 4

b. 1 > Fields 3 or 4> 44

CAB Card

a. 1 > Field 3 > 22

b. Field 4 = Field 5
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c. 1> Fields 4 or 5> 44

d. Fields 7, 8 or 9 0

e. Fields 10 or 11 < 0

f. Field 10 = 0 and Field 11 0

g. Field 10 A 0 and Field 11 = 0

h. 1 > Field 12 > 50

DCAB Card

a. 1 > Field 3 > 22

b. 1 > Field 4 > 4

c. Field 4 = 1 or 2 a

d. Field 4 = 3 or 4 a

e. Field 4 = 1 or 3 a

f. Field 4 = 2 or 4 a

g. Fields 7, 8, or 10

mnd 1 > Field 5 > 1000

bnd Field 5 0

.nd Field 9 0

nd Field 9 0

< 0

DJNC Card

a. 1 > Field 3 > 44

b. Field 4 / 2 or 4

c. Field 4 = 2 and 1 > Field 5 > 1000

d. Field 4 = 4 and Field 5 0

e. Field 7 or 8 < 0

DEN Card

a. Field 3 6 0

NDAT Card

a. Field 3 / 0, 1, or 2

COMP Card

a. Field 3 6 0

ANG Card

a. Field

b. Field

4 0
5 < Field 3
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Type 2

Type 2 errors indicate an improper reduction of the original cable array to a stati-
cally determinate array or an improper numbering of array junctions. A breakdown of
Type 2 errors by card type follows.

ANC Card

a. The junction number assigned to the anchor (Field 3) has previously been
assigned on a preceding ANC card; or,

b. The junction number assigned to the anchor (Field 3) has previously been as-
signed to an s = L junction (Field 5) on a preceding CAB card.

CAB Card

a. The junction number assigned to the s = L junction (Field 5) has previously
been assigned on a preceding CAB card; or,

b. The junction number assigned to the s L junction (Field 5) has previously
been assigned to an anchor junction (Field 3) on a preceding ANC card.

Type 3

A Type 3 error appears only in conjunction with a CAB card and indicates that the
number assigned to the cable (Field 3) has previously been assigned on a preceding CAB
card.

Type 4

A Type 4 error appears only in conjunction with an IR card and indicates certain
typographic, numbering, or array reduction errors. Either

a. The junction number assigned in Field 3 has previously been assigned in
fields 3 or 4 of a preceding IR card; or,

b. The junction number assigned in Field 4 has previously been assigned in
Field 3 of a preceding IR card.

Type 5

Type 5 errors indicate improper discrete device indexing. A breakdown of Type 5
errors by card type follows.

DCAB Card

a. The index assigned to a Type 1 or 2 discrete device (Field 5) has previously
been assigned on a preceding DCAB card; or,

b. The index assigned to a Type 1 or 2 discrete device (Field 5) has previously
been assigned to a Type 2 discrete device (Field 5) on a preceding DJNC card.
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DJNC Card

a. The index assigned to a Type 2 discrete device (Field 5) has previously been
assigned on a preceding DJNC card; or,

b. The index assigned to a Type 2 discrete device (Field 5) has previously been
assigned to a Type 1 or 2 discrete device (Field 5) on a preceding DCAB card.

Type 6

Type 6 errors indicate an excess of information in a particular source deck. A break-
down of Type 6 errors by card type follows.

NJNC Card

a. An NJNC card has previously appeared in the particular source deck.

DEN Card

a. A DEN card has previously appeared in the particular source deck.

COMP Card

a. A COMP card has previously appeared in the particular source deck.

VEL Card

a. Twenty-five VEL cards have previously appeared in the particular source deck.

b. The Z coordinate at which the current velocity is specified (Field 3) has pre-
viously been used on a preceding VEL card in the particular source deck.

ANG Card

a. An ANG card has previously appeared in the particular source deck.

Type 7

A Type 7 error indicates an inadequacy of information in the cable array source
deck (or tape). The "OTHER INFORMATION" column under the error heading con-
tains a 1 X 3 matrix, the elements of which give respectively the number of NJNC cards
read, the number of DEN cards read, and the number of ANC cards read. A zero element
is an error (see CABLE ARRAY SOURCE DECK).

Type 8

A Type 8 error indicates a discontinuity in numbering the cables in the array. The
"OTHER INFORMATION" column under the error heading contains a 1 X 22 matrix,
the elements of which contain one or zero indicating, respectively, the use or non-use of
the corresponding column number as a cable number. Zeros interspersed with ones are
in error (see ARRAY DESCRIPTION).
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Type 9

A Type 9 error indicates a discontinuity in numbering the junctions in the array.
The "OTHER INFORMATION" column under the error heading contains a 1 X 44
matrix, the elements of which contain one or zero indicating respectively, the use or non-
use of the corresponding column number as a junction number. Zeros interspersed with
ones are in error (see ARRAY DESCRIPTION and REDUCTION TO A STATICALLY
DETERMINATE ARRAY).

Type 10

A Type 10 error indicates a discontinuity in indexing the Type 1 and 2 discrete
devices in the array. The "OTHER INFORMATION" column under the error heading
contains a 1 X 1000 matrix (printed out in rows of 100 elements), the elements of which
contain one or zero, indicating respectively, the use or non-use of the corresponding
column number as a device index. Zeros interspersed with ones are in error (see DCAB
and DJNC cards).

Type 11

A Type 11 error indicates an improper reduction of the original cable array to a
statically determinate array or an absence of certain input cards in the cable array source
deck (or tape). The "OTHER INFORMATION" column under the error heading contains
a 1 X 5 matrix, the elements of which give, respectively, the number of CAB cards read,
the number of ANC cards read, the number of junctions in the original cable array (Field
3 of the NJNC card), the number of required cuts (Eq. (1)) calculated from the pre-
ceding information, and the number of IR cards read. Column 5 not equal to column 4
is an error (see REDUCTION TO A STATICALLY DETERMINATE ARRAY).

Type 12

Type 12 errors indicate certain typographic, numbering, or array reduction errors.
A breakdown of Type 12 errors by card type follows.

IR Card

a. The junction number assigned in Field 3 is less than or equal to the number
of junctions in the original (unreduced) array (Field 3 of the NJNC card);

b. The junction number assigned in Field 3 is greater than the number of junc-
tions in the original (unreduced) array plus the number of cuts made in reducing the
array (Eq. (1)); or

c. The junction number assigned in Field 4 is greater than the number of junc-
tions in the original (unreduced) array.

CAB Card

a. The junction number assigned in Field 4 is greater than the number of junc-
tions in the original (unreduced) array (Field 3 of the NJNC card) plus the number of
cuts made in reducing the array (Eq. (1)).
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DCAB Card

a. The cable number assigned in Field 3 does not correspond to a cable number
assigned to a cable (Field 3 of the CAB cards); or

b. The distance of the discrete device from the s = 0 junction of the cable
(Field 10) is greater than or equal to the length of the corresponding cable (Field 9 of
the CAB card).

DJNC Card

a. The junction number assigned in Field 3 does not correspond to either a junc-
tion number assigned to an anchor (Field 3 of the ANC cards) or a junction number as-
signed to an s = L junction of a cable (Field 5 of the CAB cards).

Type 13

A Type 13 error indicates that the original cable array has not been properly re-
duced to a statically determinate array or that junctions have been improperly numbered.
The "OTHER INFORMATION" column under the error heading contains the message,
"IMPROPER ARRAY REDUCTION OR JUNCTION NUMBERING. CHECK TREE
REPRESENTATION OF ARRAY (SEE ARRAY REDUCTION SECTION OF USERS
MANUAL) AGAINST JUNCTION NUMBERING ON ANC AND CAB CARDS."

Type 14

A Type 14 error indicates an inadequacy of information in a parametric study source
deck. The "OTHER INFORMATION" column under the error heading contains a 1 X 5
matrix, the elements of which give, respectively, the number of COMP cards read, the
current field option, the number of VEL cards read, the number of VEL cards containing
a Z coordinate (Field 3) less than or equal to the minimum Z coordinate transmitted by
the ANC cards (Field 6 of the ANC cards), and the number of ANG cards read. The fol-
lowing possible errors exist:

a. If column 1 contains a zero, then a COMP card has not appeared after the first
NDAT card (see PARAMETRIC STUDY SOURCE DECKS).

b. If column 2 contains a one and any of columns 3, 4, or 5 contain a zero, then
the standard current field has not been properly formulated (see PARAMETRIC STUDY
SOURCE DECKS and STANDARD CURRENT FIELD).

Type 15

A Type 15 error indicates that an unpermitted change has been attempted in a
parametric study source deck. The card number and type listed under the error heading
corresponds to the card on which the unpermitted change has been attempted (see
PARAMETRIC STUDY SOURCE DECKS).

Type 16

A Type 16 error indicates an improper deck structure and causes an immediate
program termination. The card number and type listed under the error heading
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correspond to the out-of-place card (see CABLE ARRAY SOURCE DECK, PARAMET-
RIC STUDY SOURCE DECKS, and OVERALL INPUT DECK).

Type 17

A Type 17 error indicates that the cable array source deck (or tape) contains more
than 2150 records and causes an immediate program termination. The "OTHER IN-
FORMATION" column under the error heading contains the message "COMMON/B1/
BOUND EXCEEDED. SEE USERS MANUAL."

A Type 17 error is readily correctable if the machine being used has sufficient core
storage. This correction is achieved by changing the row dimension of DATAT on cards
DES025 and INP022 from 2150 to a number exceeding the number of records in the
cable array source deck (or tape). Simultaneously, the comparison value on card INP61E
must be changed from 2150 to the new row dimension of DATAT.

Type 18

A Type 18 error indicates that the accuracy required for the array equilibrium cal-
culations (Field 3 of the COMP card) has not been obtained during the calculations. Thi
is for one of two possible reasons.

a. Some cable segments have gone slack (that is, the segments have near zero tension
An examination of the tensions printed out in conjunction with a Type 18 error will re-
veal if this is the reason. If it is, see the section on STATICALLY UNSTABLE CABLE
ARRAYS in Ref. 2 for possible remedial actions. If it is not, then

b. The accuracy required for the equilibrium calculations is simply too stringent for
the computer to handle (see COMP card). An examination of the final value of the ac-
curacy obtained, printed out in conjunction with a Type 18 error, will reveal the best ac-
curacy obtainable. Field 3 of the COMP card should be modified to reflect this informa-
tion.

ARRAY DESCRIPTIVE OUTPUT

Following each error-free reading of a parametric study source deck, DESADE trans-
mits to the line printer a description of the physical characteristics of the cable array
under study. This printout includes anchor junctions and locations, information con-
cerning the reduction of the original cable array to a statically determinate array, proper-
ties of the cables in the array, properties of the discrete devices located at array junctions.
total number of Type 1 and 2 devices, current field option and current profile if option 1
and calculational accuracy requirements.

The format of the array descriptive output is self-explanatory. A sample printout is
given in Appendix B.
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STRUCTURAL OUTPUT

If output option 0 or 2 is selected, DESADE transmits to the line printer a struc-
tural output. The structural printout follows and refers to the array characterized in the
array descriptive output and contains information giving

a. A description of the current field (ie., no current or current from xxx degrees)

b. The cable forces and angles at each anchor

c. The position coordinates of the original (unreduced) array junctions, the displace-
ment of these coordinates from the no-current coordinates, and the cable forces and
angles at each junction

d. The maximum and minimum tensions and their locations for each array cable and
the maximum displacement from the no-current condition and its location for each cable

e. The position coordinates, the displacement of these coordinates from the no-cur-
rent coordinates, and the tension at each Type 1 and 2 DCAB device in the array.

Thislatter information is printed out in the same order that the Type 1 and 2 DCAB
devices are indexed (Field 5 of the DCAB card). Note that it is possible to obtain the
latter information for any point on any cable in the array by defining a "dummy" type 2
DCAB device to be located at the point. A dummy Type 2 DCAB device is simply one
for which fields 6, 7, and 8 of the DCAB card are left blank so that the "device" has no
effect on the array equilibrium calculations.

The format of the structural output is self-explanatory. A sample printout is given
in Appendix B;

DEVICE LOCATION OUTPUT

If output option 1 or 2 is selected, DESADE transmits to tape or cards a device
location output. The device location output contains information giving

1. A description of the current field (i.e., no current or current from xxx degrees)

2. The position coordinates of each Type 1 and 2 discrete device in the array.

Four types of records are associated with the device location output. Each of these
records is written with the format

(A4, I4, 3F10.2).
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REC Record

Field J Format J Contents

1 A4 -REC

2 I4 Record number

3 F10.2 not used

4 F10.2

5 F10.2

Note: The REC record is used to identify the cable array
under study. The record number (Field 2) is referenced in the
array descriptive output in the statement, "DEVICE LOCATION
OUTPUT RECORD XX REFERS TO THIS ARRAY." The in-
formation following a REC record refers to the identified array.

CUR Record

Field Format Contents

1 A4 -CUR

2 14 0 if no current acting on array
1 if current is acting on array

3 F10.2 Blank if Field 2 = 0
Current angle if Field 2 = 1

4 F10.2 not used

5 F10.2 _

Note: The CUR record is used to describe the current field (i.e., no
current or current from xxx degrees). The information following a CUR
record refers to the identified current field.
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DEV Record

Field Format Contents

1 A4 ^ DEV

2 I4 Discrete device index (Field 5
of the DCAB and DJNC cards)

3 F10.2 X coordinate of device

4 F10.2 Y coordinate of device

5 F10.2 Z coordinate of device

Notes: The DEV records are used to transmit the position coordi-
nates of the type 1 and 2 discrete devices in the array. There is one DEV
record for each indexed (types 1 and 2) device for each identified current
field.

EOP Record

Field Format Contents

1 A4 | EOP

2 I4 not used

3 F10.2 ,.

4 F10.2 ,.

5 F10.2 , ,,

Note: The EOP record is used to signify the end of output
transmission.

A typical overall device location output file is illustrated below.

-RECA..1

-CUR-^^0

DEV Records (one for each indexed device)

-CURA..1 current angle

DEV Records
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-CURA--1 current angle

DEV Records

ARECA..2

.CUR..0

DEV Records

AEOP

A sample image of a device location output file is given in Appendix B.

REFERENCES

1. R. A. Skop, and G. J. O'Hara, "The Static Equilibrium Configuration of Cable Arrays
by Use of the Method of Imaginary Reactions," NRL Report 6819, Feb. 1969.

2. R. A. Skop, and G. J. O'Hara, "The Analysis of Internally Redundant Structural Cable
Arrays," NRL Report 7296, Sept. 1971.

3. R. A. Skop, and R. E. Kaplan, "The Static Configuration of a Tri-Moored, Subsurface,
Buoy-Cable Array Acted on by Current-Induced Forces," NRL Report 6894, May 1969.

4. R. A. Skop, "The Method of Imaginary Reactions: Applications to N-Point Moors,"
Marine Technology 1970, Preprints of 6th Annual Marine Technology Society Confer-
ence, June 29-July 1, 1970, Washington, D.C., Vol. 1, pp. 1-22.

5. M. J. Casarella, and M. Parsons, "Cable Systems Under Hydrodynamic Loading,"
Marine Technology Society Journal 4 (No. 4), 27-44, (July-Aug. 1970).

6. B. W. Wilson, "Elastic Characteristics of Moorings," Waterways and Harbors Div., ASCE,
93 (No. WW4), 27-56 (Nov. 1967).

38



Appendix A
SOURCE LANGUAGE LISTING

PROGRAM DESADE
C
C A FORTRAN IV PROGRAM FOR COMPUTING THE STATIC DEFLECTIONS
C OF STRUCTURAL CABLE ARRAYS
C
C BY RICHARD A SKOP AND JAMES MARKs OCEAN TECHNOLOGY DIVISION,
C NAVAL RESEARCH LABORATORY. WASHINGTON9 Do Co

CAL

DES001
DES002
DES003
DES004
DES005
DES006
DES007
DES008

COMMON /b1/ FEJUNCIRDELTA19DELTAIRSTFJUNCEESFCARCABJUMPDES009
1PJUNCSPCABPCABEPCAbORCABOTHETAPJUNCO DES010
COMMON /B2/ NCAbNNODEERJUNC9IRJUNCDATADATNHPJUNC9 DES011

1CDCA9,DCABFATENANCANJUNCIRLA),IPRNTINTAPEOUTAPE9ITIMEIFLG, DES012
20FLGNlRTHETASTHETAcoCOMPDTHETA'ONJUN(,RHlOtTEST, DES013
3NVSEGZVELVELZPIPECICAbtLXPCAbtZJUNCLJUNCPATHICABgIVOPTo DES014
4WCABIDEVICHLCKNDEVNDATC DES015

DIMENSION FEJUNC(3,44),IR(3t44),IRS(3,44)TFJUC(3#44)PJUNCO(3,44DESO16
1) DES017

DIMENSION FCAB(3951,22),RCAB(3,51922)PJUNCS(3,44)PCAB(39
5 12 2 ) DES018

DIMENSION PCABE(3951922),PCAbO(351,22),RCABO(3,5122) DES019
DIMENSION NNODE(22),ERJUNC(44)IRJUNC(44),DATA(10),DATN(10)tH(2

2 ) DES020
DIMENSION PJUNC(3,44),CDCAB(22),DCAB(22),ANJUNC(44)9TEST(14) DES021
DIMENSION ZVLL25),VELZ(25),ECICAB(22),EXPCAB(22),ZJUNC(22) DES022
DIMENSION LJUNC(22),PATH(22),ICAB(22),WCAb(22)9IDEV(1000) DES023
DIMENSION ICHECK(44) DES024
DIMENSION DATAT(2150910) DES025
EQUIVALENCE (DATAT(l),FEJUNC(l)) DES026
INTEGER OUTAPELZJUNCERJUNCANJUNCOFLG DES027
INTEGER PATH DES028

REAL IRIRS DES029
DES030

LL INPUT TO READ DATA AND IDENTIFY ERRORS DES031
DES032

ITIME=1 DES033
1000 CALL INPUT

C
C CHECK TO SEE IF ANY ERRORS IN DATA
C

IF(FATE*NE.0*) GO TO 10000
c
C GET HERE IF NO ERRORS -- PRINT OUT PHYSICAL CHARACTERISTICS OF ARRAY
C

WRITE(IPRNT,1001)
1001 FORMAT(///,5X,18HNO ERRORS DTECTED)

CALL PHSOUT
C
C KMULT IS A MULTIPLIER FOR CHANGING CURRENT ANGLE THETA
C

KMULT=O
C
C JUMP=O---NO CURRENT JUMP=1 --- CURRENT
C

JUMP=O
C
C GET HERE TO CALCULATL FORCES AND IF SUCCESSIVE APPROXIMATION ROUTINE
C NOT SATISFIED -- ZERO FORCES

39

DES034
DES035
DE5036
DES037
DES038
DES039
DES040
DES041
DES042
DES043
DES044
DLS045
DE5046
DES047
DES048
DES049
DES050
DES051
DES052
DES053
DES054
DES055

C

C
C
C
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C DES0562011 DO 2012 J=1,NJUNC DES057
DO 2012 I=1,3 DES058

2012 FEJUNC(IJ)=O. DES059
DO 2013 N=1*NCAB DES060
INNN=NNODEtN) DES061
DO 2013 M=1,INNN DES062
DO 2013 I=1,3 DES063

2013 FCAB(IMN)=O. DES064
C DES065
C PICK UP DISCRETE EVICE DATA FROM TEMPORARY STORAGE TAPE AND DES066
C CALCULATE DLEVICE FORCES -- DJNC FORCES ARE STORED IN FEJUNC -- DES067
C DCAb FORCES IN FCAd -- EFORCECI) IS OUTINE FOR CALCULATING DES068
C DEVICE FORCES IN IRECTION I DES069
C DES070
2015 READ(INTAPE,1) (DATA(K),K=1910) DES071

1 FORMAT(F4.0,A4,8E15.8) DES072
IF(DATAC2).EQ.TEST(3)) GO TO 2017 DES073
IF(DATA(2)*EQ*TEST(4)) GO TO 2019 DE5074
IF(DATA(2)EQ.TEST(9)) GO TO 2021 DES075
GO TO 2015 DES076

2017 K=DATA(3) DES077
DO 201d J=1,3 DES078
IJ DES079

2018 FEJUNC(IK)=FEJUNC(IK)+EFORCEUI) DESO8o
GO TO 2015 DES081

2019 K= DATA(3) DES082
M= DATA(10)/H(K) + 1 DES083
DO 2020 J=193 DE5084
I=J DES085

2020 FCAtISMK) = FCAB(IMK) + EFORCECI) DES086
GO TO 2015 DES087

C DES088
C GET HERE AT END OF TAPE DES089
C DESO90
2021 REWIND INTAPE DES091

C DES092
C NOW CALCULATE THE FORCE/LENGTH N DIRECTION I AT NODE M ON CABLE N DES093
C CFONCECIMoN) IS ROUTINE FOR DOING THIS -- INTEGRATE Y TRAPEZOIDAL DES094
C RULE OVER SEGMENT TO GET TOTAL FORCE AND ADD TO CAB FORCES DES095
C DES096

DO 2022 J=1,NCAB DES097
K=J DES098
INNN=NNODE(K)-1 DES099
DO 2022 MM=1,INNN DES100
M=MM DES101
DO 2022 II=1,3 DES102
I=II DES103

2022 FCAb(I3,MK)=(CFORCE(IMK)+CFoRCE(IMi+1,K))*H(K)2.+FCABIl1,K) DES104
C DEs05
C ALL FORCES ARE NOW CALCULATED AND EUILIBRIUIM CAN BE DETERMINED DES106
C LEAP = 1 FIRST TIME THROUGH IAGiNARY REACTION RUTINE DES107
C LEAP = 2 ANY OTHER TIME DES108
C SKIP THIS SCTION IF NO IRIS DES109
c DES110

IF(NIR.EQ*O) GO TO 2031 DESlil
IF(JUMP*EQ.O) CALL START DES112
LEAP=1 DES113

C DES114
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C INITIALIZE DELTA
C

DELTA=DELTAI
C
C GET HERE TO INITIALIZE TOTAL FORCES AT THE JUNCTIONS# TFJUNCi
C IF THE IMAGINARY REACTION ITERATION NOT SATISFIED -- ALSO IF
C
2031 DO 2032 J=1INJUNC

DO 2032 1=1,3
2032 TFJUNC(IJ) = FLJUNC(IJ)

C
C ADD APPROPRIATE REACTIONS TO TFJUNC -- SKIP THIS SECTION IF 
c

2033
2034
2035

IF(NIR.EQ.O) GO TO 2036
DO 2035 J=1,NJUNC
DO 2035 K=1,NIR
IF( (J.EQ.IRJUNC(K)).OR.(J.E.EtRJUNC(K)) ) GO TO 2033
GO TO 2035
DO 2034 =1,3
TFJUNC(IJ) = TFJUNC(I,J) + IR(I,J)
CONTINUE

, AND
NO IRIS

10 IRIS

C
C TFJUNC IS NOW DETERMINED AND THE REACTIVE FORCES IN THE ARRAY, RCAB,
C CAN BE CALCULATED Y SUMMING FROM THE FREE ENDS TO THE FIXED ANCHOR
C
2036 DO 2047 N=1,NCAB

INDEX= NCAB+1-N
K= PATH(INDEX)
INNN=NNODE(K)
INLJ=LJUNC(K)
DO 2041 1=1#3

2041 RCAB(IINNNK)=TFJUNC(IINLJ)
DO 2044 L,NCAb
IF(LJUNC(K)eEQ.ZJUNC(L)) GO TO 2042
GO TO 2044

2042 DO 2043 I=1,3
2043 RCAB(I INNN.K)=RCAb(IINNNK)+RCAB(I ,1L)
2044 CONTINUE

DO 2046 MM=1,INNN
M=INNN+1-MM
IF(M.EQ.1) GO TO 2047
DO 2045 I=1,3

2045 RCAB(IM-1,K)=RCAB(IMtK)+ FCAB(IM-1,K)
2046 CONTINUE
2047 CONTINUE

C
C ALL REACTIVE FORCES ARE NOW DETERMINED AND THE CONFIGURATION OF THE
C ARRAY, PCAB AND PJUNC, CAN BE FOUND bY INTEGRATING FROM THE FIXED
C ANCHOR TO THE FREE ENDS -- INTEGRATION BY THE TRAPEZOIDAL RULE IS
C AGAIN USED
C

DO 2054 N=1,NCAB
KzPATH(N)
INLN=LJUNC(K)
INNN=NNODE(K)
INZJ=ZJUNC(K)
DO 2051 I=1,3

2051 PCAB(I,1,K)=PJUNC(IINZJ)
DO 2052 MM=2#INNN

41
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M=MM DES174
DO 2052 I1=193 DES175
I=II DES176

2052 PCAB(IMK)=PCAB(IM-1,K)+(LXCAB(M-1,K)*RCAb(IM-1,K)/TCAB(M-1,K) DES177
1+EXCAb(MK)*RCAB(IMK)/TCAb(MK))*H(K)/2. DES178
DO 2053 I=1,3 DES179

2053 PJUNC(IINLN)=PCAB(I1INNNvK) DES180
2054 CONTINUE DES181

C DES182
C ARRAY CONFIGURATION NOW DETERMINED -- CHECK TO SEE IF IT SATISFIES DES183
C GEOMETRIC CONSTRAINTS -- SKIP THIS SECTION IF NO IRIS DES184
C DES185

IF(NIR.EQ*0) GO TO 2071 DES186
C DES187
C CALCULATE ERROR E DES188
C DES189

E2=0. DES190
DO 2061 N=1,NIR DES191
KEN=ERJUNC(N) DES192
KIN=IRJUNC(N) DES193
DO 2061 I=1,3 DES194

2061 E2=E2+( PJUNC(IKEN) - PJUNC(IKIN) )**2 DES195
E=SRT(E2) DES196

C DES197
C COMPARE ERROR TO ACCURACY REQUIREMENTS DES198
C DES199

IF(E.LE.COMPD/10.) GO TO 2071 DES200
C DES201
C GET HERE IF GEOMETRIC CONSTRAINTS NOT SATISFIED DES202
C DES203

GO TO 2062,2065),LEAP DES204
C DES205
C GET HERE FIRST TIME THROUGH IMAGINARY REACTION ROUTINE DES206
C DES207
2062 LEAP=2 DES208

C DES209
C STORE SUCCESSFUL POSITIONS AND REACTIONS DES210
C DES211
2063 ES=E DES212

DO 2064 N=1,NIR DES213
KEN=ERJUNC(N) DES214
KIN=IRJUNC(N) DES215
DO 2064 I=1,3 DES216
PJUNCS(IKEN)=PJUNC(I#KEN) DES217
PJUNCS(IKIN)=PJUNC(IKIN) DE5218

2064 IRS(IKIN)=IR(IKIN) DtS219
GO TO 2066 DES220

C DES221
C GET HERE ANY OTHER TIME THROUGH IMAGINARY REACTION ROUTINE DES222
C SEE IF ITERATION SUCCESSFUL DES223
C DES224
2065 IF(E.LT.ES) GO TO 2063 DES225

C DES226
C REDUCE DELTA IF NOT SUCCESSFUL INTERATION DES227
C DES228

DELTA=DELTA/2. DES229
C DES230
C CALCULATE NEW IMAGINARY AND EQUILIBRATING REACTIONS AND GO BACK TO DES231
C RECALCULATE ARRAY EQUILIBRIUM DES232
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C
2066 DO 267 N1,NIR

KEN=ERJUNC(N)
DO 2067 I1,3

2067 IR(I,KEN)=O.
DO 2068 N=1,NIR
KEN=LRJUNC(N)
KIN=IRJUNC(N)
DO 268 I=1,3
IR(IKIN)-IRS(I PKIN)+vELTA*(PJUiJ4CS( I9KN)-PJUNCS(IsKIN))/ES

2068 IR(IKLN)=IR I KEN)-IR(IqKIN)
C
C CHECK CHAN0lizS IN IGINARY EACTIO 1N.5
C

DO 2070 NNIR
KIN=IRJUNC(N)
DO 270 =193

'2070 IF(IR(IKIN)oN.IRS(I#KlN)) GO TO 2031
C
C NO CHANGLS -- TIivAL TO QUIT
C

CALL ER!-,UR
GO TO 10000

C
C GET HR IF ACCURACY LQUIh<LMHNTS SAYISFIED OR N I b
C OUTPUT LWiLlbRIUM IlF NO QURR&.l -- CukRLIti, fIR4I ChC4CK iO oEE
C IF ACCURACY RQUIREMENT SATISFtu VY 9JCCtbaavL PPi)0IfiJiVIQNa
C
2071 JUivi=JUOiP+1

GO TO (2072,2u75)9JM
2072 1F((OPLG.eu.0). U<.(ofLo.c- ),

IF( (OFLcEQ*1).Ol.(O-L.tq.2)
IF(OFL6.EQ.1) GO TO 2100
IF(JUMo.N.1) 0 TO 2100
DO 2200 N=19NCAD
INNN=NNODE(N)
DO 2200 =1vINiNN
UD 22U0 1=1,3
PCA~o( IivliN)=PCA6( ii ̂§*N)

22uO RCABO(Ii'viN)=RCAb(IMttN)
DO 2201 N1,NJUNC
DO 2201 I=1,3

2201 PJUNCO(1#N)=PJUNC(IN)
C
C APPLY CURikaENT IF RUIREL

LAL..- bTOUl
C;AI- 'lIAPOU I

C
21u0 IF(IVOPT.EQ.O) 00 TO 9999

JNiMP= 1
THETA=TnLTAb + KM0LT*Trx.TA$
I F ( Thr-TA.GT * THETcA) 00 TO 9999
KijvULT=Ki-'ULT+l

C
C STOiE LXISTIN6 COiFIUi'ATlj r' C PUiPostb
C

2073 DO 2074 N=1,NCAU
INNN=NNOULC (N)
DO 2V74 t,=1,INNN
DO 2V74 1=1,3

2074 Cd lfiN=CG(,Mj
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C DEa292
C RLCALCULATh FORCcS DEa)293
C DES294

GO TO 2011 DLb295
C Vta)296
C GET HtRt IF CURRENT -- C!LI-( ,' Atl .'OAIO^ ION ACCWRACI DEo297
C _V.oL 2 9 8

2075 DO 277 N-1NCA6 DEa299
DO 2077 i.=II NNN Ut3uvu
Un*O DES301
DO 2076 1=1.3 DL3u2

2076 U DEo3u3
C DLt3u4
C IF NOT ACCURATt STOIRE CPiNFIC_ . O; FISL; .rCA'COLA1 L FRCE.J DEo3v5
C ULb3u6

IF(SQRT(U)GTCOivPD) GO 10 VU!73 DEQ3u7
2077 CONTINUE DL)3ub

C. DEa3u9
C GET HLRL IF POSITION ACCURAT A UPul PliiON DL)o31u
C DEo311

GO TO 2072 uto312
C DEb313
C GO ACK FOR MORE DATA DLb314
C uE.315

9999 GO TO 1000 DEa316
100iU0 CONTINUE ut_317

WRITE(IPRNT91U001) it 318
10001 FORMAT(lH1) ut,319

END DEaS32U
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SUBROUTINE INPUT INP001
C INP002
C THIS ROUTINE READS ALL DATA AND IDENTIFIES ERRORS IN INP003
C DATA9 DECK STRUCTURE. AND ARRAY RLPRESENTATION INP004
C INP005

COMMON /1/ FEJUNCIRDELTAIDELTAIRSTFJUNCLESFCABRCABJUMPINP006
IPJUNCSPCABPCABEPCABORCAbOTHETAPJUNCO INP007
COMMON /B2/ NCABtNNODEERJUNCIRJUNCDATADATNHPJUNC, INP008
1CDCA8,DCABFATENANCANJUNCIREADIPRNTINTAPEOUTAPEITI.EIFLG, INP009
20FLGNIRTHETASTHETAECOMPD*THLTAUNJUNCRHOTEST INP010
3NVSEGZVELVELZPIPECICABLXPCABoZJUNCLJUNCtPATHICAB.IVOPT. INP011
4WCABIDEVICHECK*NDEV#NDATC INP012
DIMENSION FEJUNC(3.44),IR(3944)IRS(3,44),TFJUNC(3,44),PJUNCO(3944INPO13

1) INP014
DIMENSION FCAB(3951922),RCAb(351922).PJUNCS(3,4&),PCAb(3,51,22) INP015
DIMENSION PCABE(3951,22),PCABU(3.51l22),RCABO(3,51,22) INP016
DIMENSION NNOL)E(22),ERJUNC(44),IRJUNC(44)oDATA(10),DATN(10),H(22) INP017
DIMENSION PJUNC(3944).CDCAB(22),DCAB(22),ANJUNCC44),TEST(14) INP018
DIMENSION ZVEL(25),VELZC25),ECICAB(22)EXPCAB(22),ZJUNC(22) INP019
DIMENSION LJUNC(22),PATH(22),ICAB(22)gWCAB(22),IDEV(1000) INP020
DIMENSION ICHECK(44) INP021
DIMENSION DATAT(2150o1O) INP022
DIMENSION ITEST(14) INP023
EQUIVALENCE (ATAT(l),FEJUNC(l)) INP024
EQUIVALENCE (ITEST(1)gTEST(l)) INP025
INTEGER OUTAPEZJUNC9ERJUNC9ANJUNC9OFLG INP026
INTEGER PATH INP027
REAL IRIRS INP028

C INP029
C THIS IS THE BEGINNING OF THE INPUT SECTION INP030
C INITIALIZE ALL CONSTANTS, FLAGS. ARkAY$, AND COUNTERS INP031
C INP032

IF(ITIME.NE*1) GO TO 999 INP033
ITEST(1)=4H IR INP034
ITEST(2)=4H ANC
ITEST(3)=4HDJNC
ITEST(4)=4HDCAB
ITEST(5)=4H CAB
ITEST(6)=4H DEN
ITEST(7)=4HCOMP
ITEST(8)=4H ANG
ITEST(9)=4H EOD
ITEST(10)=4HNJNC
ITEST(11)=4H VEL
ITEST(12)=4HNDAT
ITEST(13)=4H LUN
ITEST(14)=4H EOP

PIP=3.14159265/180*
IFEOD=0
NDATC=0
KFLG=0
DO 1000 I=1,1000

1000 IDEV(I)=0
DO 1001 I=1,44

1001 ICHECK(I)=0
DO 1002 I=1,22

1002 ICAB(I)=0
NANC=O

INP035
INP036
INP037
INP038
INP039
INP040
INP041
INP042
INP043
INP044
INP045
INP046
INP047
INP048
INP049
INP050
INP051
INP052
INP053
INP054
INP055
INP056
INP057
INP058
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IFRHO=0 INP059
IFJNC=0 INP060
NIR=O INP061
IROW=1 INP062

999 FATE=O. INP063
C INP064
C CHECK LOGICAL UNITS INP065
C INP066

IF(ITIME.GTo1) GO TO 1003 INP067
ITIME=2 INP068
READ 1004,CDATA(I)91=1,10) INP069

1004 FORMAT(F4e0,A4,8F8.o0F5.0I3) INP070
IF(DATA(2).NL.TEST(13)) GO TO 9018 INP071
IPRNT=DATA(4) INP072

C INP073
C GENERATE ERROR MESSAGE HEADER INP074
C INP075
998 WRITE(IPRNT,9100) NDATC INP076
9100 FORMAT(lH1,46HERRORS IN PARAMETRIC STUDY SOURCE DECK NUMBER 1I29//INP077

1 12X,4HCARD,3X,4HCARD,6X,5HOTHLR/lH 4X.4HTYPE,4X,3HNO.,3X,4HTYPEINP078
23X,11HINFORMATION ) INP079
IF(IFEOD.EQ*O) GO TO 13 INP080
IF(IFEOD.NE.O) GO TO 12701 INP081

C INP082
C READ ONE INPUT RECORD INTO DATA ARRAY INP083
C INP084
1003 CONTINUE INP085

IF(IFLG.EQ.0) READ(IREAD91004) (DATA(I)9I=1,10),EXoNSEG INP086
IF(IFLG.EQ.1) READ(IREAD,1104) (DATA(I),I=1,10),EXNSEG INP087

1104 FORMAT(F4.0A498E15.8,/E12.5,I3) INP088
C INP089
C TYPE AND BRANCH INP090
C INP091

IF(IFEOD.EQ.0) GO TO 1006 INP092
IFC(DATA(2).EQ.TEST(12)).OR.(DATA(2).EQ.TEST(1 4 ))) GO TO 1006 INP093
GO TO 9018 INP094

1006 DO 1005 1=1#14 INP095
IF(DATA(2).EU.TEST(I)) GO TO (2,3,4,5,6,9018,9O18,9Ot9Ol18, INP096

1 1299018914)9I INP097
1005 CONTINUE INP098

C INP099
C GET HERE IF CARD UNIDENTIFIABLE INP100
C INP101

GO TO 9000 INP102
C INP103
C GET HERE IF IR CARD READ INP104
C INP105

1 IF(DATA(3)-DATA(4)) 101,9001.101 INP106
101 DO 102 1=3,4 INP107

IF( DATACI)*LT. .)OR(DATA(I).GT*44.)) GO TO 9001 INP108
102 CONTINUE INP109

C INP110
C GET HLRE IF DATA OK INPil
C COUNT IR AND STORE DATA INP112
c INP113

NIR=NIR+1 INP114
IRJUNC(NIR)=DATA(3J INP115
ERJUNC(NIR)=DATA(4) INP116
DO 103 N=1,NIR INP117
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IF(IRJUNC(NIR).-E~oRJUNC(N))
IF( (IRJUNC(NIR).EU.IRJUNC(N)
IF( (ERJUNC(NIR) EU.IRJUNC(N)

103 CONTINUE
GO TO 8000

GO TO 9004
) *AND. NIRNL.N) )

)) GO TO 9004

47

GO TO 9004

C
C GET HERE IF ANC CARD READ
C

2 INDLX=DATA(3)
IF((DATA(3).LT.1.).OR.(DATA(3).GT.44.)) GO TO 9001
IF(ICHECK(INDEX).NL.0) GO TO 9002

C
C GET HERE IF DATA OK -- COUNT ANCHOR AND STORL DATA
C

NANC=NANC+1
ANJUNC(NANC)=DATA(3)
ICHECK(INDEX)=1

22 DO 21 I=1,3
21 PJUNC(IINDEX)=DATA(1+3)

GO TO 8000
C
C GET HERE IF DJNC CARD READ

3 IF( (DATA(4).Lo.1.).OR.(DATA(4).EQ.3.) ) GO TO 9001
IF( (DATA(4).LU.2.).ANU.(UATA(5).LT.1.) ) GO TO 9001
IF(DATA(5).GT.1000o) GO TO 9001
IF(DATA(4).GT.4o) GO TO 9001
IF(DATA(4).LT.1.) GO TO 9001
IF( (DATA(3).LT.1.).OR.(DATA(3)*GT.44.)) GO TO 9001
IF( (DATA(4).EQ.4.).AND.(DATA(5).NEO.) ) GO TO 9001
IF( (ATA(7).LT.0.).OR.(DATA(8).LT.0.)) GO TO 9001
IF( DATA(4).EQ.4. ) GO TO 8000
INDEX=DATA(5)
IF( IDEV(INDEX).NE.0 ) GO TO 9005
IDEV(INDEX)=1
GO TO 8000

C GET HERE IF DCA8 CARD READ
C

4 DO 41 1=1,4
ID=DATA(4)
IF(ID.LU.I) GO TO 42

41 CONTINUE
GO TO 9001

42 IF( ((DATA(4).EQ.3.).i
1 901

OR.(DATA(4)*LQ*4.)).AND.(DATA(5).NEsO.)

IF( (DATA(3).LT.1.).OR.(DATA(3)eG
IF(C(DATA(4)*EQ.1.).OR*(DATA(4).E

lATA(5).GT.1000.)) ) GO TO 9001
IF( (DATAC7).LT.0.).OR.(DATA(8).L
IF( ((DATA(4).L.2.).OR.(DATA(4).

1 GO TO 9001
IF( ((DATA(4).EQ.1.).OR.(DATA(4).

lGO TO 9001
IF( DATA(10)oLT.0. ) GO TO 9001
IF( (DATA(4)*.L*3*) *OR* DATA(4)
INDEX=DATA(5)
IF( IDEV(INDEX)sNE.O ) GO TO 9005
IDEV(INDEX)=1 -

T*22*
Q.2.)

)) GO T9001
).AND.((DATA(5)oLT.1.

T.0o)) GO TO 9001
EU.4.)).AND.(DATA(9)oNE.0.

EQs3#)).ANDv(DATA(9)sLE.0.

*EQ.4.) ) GO TO 8000

INP118
INP119
INP120
INP121
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INP125
INP126
INP127
INP128
INP129
INP130
INP131
INP132
INP133
INP134
INP135
INP136
INP137
INP138
INP139
INP140
INP141
INP142
INP143
INP 144
INP145
INP146
INP147
INP148
INP149
INP150
INP151
INP152
INP153
INP154
INP155
INP156
INP157
INP158
INP159
INP160
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GO TOINP162
INP163
INP164

).OR.(DINP165
INP166
INP167
INP168
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INP175
INP176

C

C
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GO TO 8000 INP177C 
INP178C GET HERE IF CAB CARD READ INP179C 
INP1805 INDEX=DATA(3) 
INP181

IF( (ATA(3).LT.l.).OR*(DATA(3).GT.2
2 *)) GO TO 9001 INP182IF( DATA(4).EQ.DATA(5) ) GO TO 9001 INP183

IF( (DATA(4).GT.44.).OR.(DATA(5).GT.
44 *)) GO TO 9001 INP184IF( (DATA(4)oLT.l.).OR(DATA(5).LTl.J)) GO TO 9001 INP185

IF( (DATA(7).LE.0.).OR.(DATA(8).LE.0.).OR.(DATA(9).LE.O.) INP1861 *OR*(EX.LT.0.).OR.(DATA(10).LT.0*)) GO TO 9001 INP187IF((DATA(10).EQ*o.).ANDo(EX.NE.Oo)) GO TO 9001 INP188IF((DATA(10)*NE.O*).AND.(EX.LQe.0)) GO TO 9001 INP189IF( (NSEG*LTl)oOR.(NSLGbT.50) ) GO TO 9001 INP190IF(ICAB(INDEX).NE*o) GO TO 9003 INP191ICAB(INDEX)=1 
INP192

INDEX=DATA(5) 
INP193

IF(ICHECK(INDEX)*NE*0) GO TO 9002 INP194ICHECK(INDEX)=1 
INP195C 
INP196C GET HERE IF DATA OK INP197C 
INP198

INDEX=DATA(3) 
INP199

ZJUNC(INDEX)= DATA(4) INP200LJUNC(INDEX)= DATA(5) INP20151 NNODE(INDEX)= NSEG+1 INP202WCAB(INDEX)= DATA(6) INP203CDCAB(INDEX)=DATA(7) 
INP204DCAb(INDEX)=DATA(8) 
INP205

H(INDEX)= DATA(9)/NSEG INP206ECICAB(INDEX)= DATA(10) INP207EXPCAB(INDEX)= EX INP208GO TO 8000 INP209
C 

INP210
C GET HERE IF DEN CARD READ INP211C 

INP2126 IF(DATA(3).LE.o.) O TO 9001 INP213IFRHO=IFRHO+1 
INP214

IF( IFRHO.GT.1 ) GO TO 9006 INP215RHO= DATA(3) INP216GO TO 1003 INP217C 
INP218C GET HERE IF EOD CARD READ INP219C 
INP2209 IFEOD=IFEOD+1 
INP221DO 90 J=1,10 INP222

90 DATAT(IROWJ)=DATA(J) 
INP223IRMAX=IROW 
INP224

IF(FATE.NE*.O) RETURN INP225IF(IFLG*EQal) GO TO 91 INP226GO TO 500 INP22791 IREAD=ISAV1 
INP228IFLG=O 
INP229

GO TO 500 INP230
C 

INP231C GET HERE IF NJNC CARD READ INP232C 
INP233

10 IF( (DATA(3)*LT.2.).OR.(DATA(3).GT.44.) ) GO TO 9001 INP234IFJNC=IFJNC+1 
INP235
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IF(IFJNC.GT.1) GO TO 9006 INP236
NOJUNC=DATA(3) NP237
GO TO 1003 INP238

C INP239
C GET HERE IF NDAT CARD READ INP240
C INP241

12 NDATC=NDATC+1 INP242
IF(NDATC.NE*IFLOD) GO TO 9018 INP243
GO TO 998 INP244

12701 IFCOMP=o INP245
INDAT=0 INP246
IFVEL=O INP247
IFANG=o INP248
IF((DATA(3).LT.0.).OR.(DATA(3)*GT.2.)) GO TO 9001 INP249
IVOPT=DATA(3) INP250
IF (NDATCoEQ*1) GO TO 1270 INP251
IF (IVOPT.EQ.O) GO TO 1201 INP252
IF (KFLGEQo0) GO TO 1271 INP253
IF (IVOPT.EQ*KCUR) GO TO 1201 INP254
GO TO 9117 INP255

1270 IF (IVOPTEQ*O) GO TO 1275 INP256
1271 KFLG=1 INP257

KCUR=IVOPT INP258
GO TO 1201 INP259

1275 KFLG=o INP260
C INP261
C READ ONE INPUT RECORD FROM PARAvETRIC STUDY SOURCE DECK INP262
C INP263
1201 READ(IREAD1004) (DATN(I)#I=1010)EXX9NNSEG INP264

DO 1209 I=1,14 INP265
IF(DATN(2)EQTEST(I)) G TO (901891208,120891208.1208b9018,1207# INP266
1 1203,1260,9018,1202,9018s9018,9018),I INP267

1209 CONTINUE INP268
CALL SWTCH INP269
GO TO 9000 INP270

C INP271
C GET HERE IF VEL CARD READ INP272
C INP273
1202 IFVEL=IFVEL+ INP274

CALL SWTCH INP275
IF(IVOPT.EQ.0) GO TO 9018 INP276
IF(FVLL.NE1) GO TO 1225 INP277
NVSEG=O INP278
DO 1224 I=1.25 INP279
ZVEL(I)=0. INP280

1224 VELZ(I)=0. INP281
1225 NVSEG=NVSEG+1 INP282

IFNVSG.GT*25) GO TO 9006 INP283
ZVEL(NVSEG)=DATA(3) INP284
DO 111 K=19NVSLG INP285
IFC(ZVEL(NVSEG).EQ.ZVEL(K))AND.(KNNVSEG)) GO TO 9006 INP286

111 CONTINUE INP287
VELZ(NVSEG)=DATA(4) INP288
GO TO 1201 INP289

C INP290
C GET HERE IF ANG CARD READ INP291
c INP292
1203 IFANG=IFANG+1 INP293

CALL SWTCH INP294
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IF(IVOPT.EQ.o) GO TO 9018 INP295
IF(IFANG.EQ*1) NANG=0 INP296
IF(DATA(4).LE.0*) GO TO 9001 INP297
IF( DATA(5).LT.DATAc3) ) GO TO 9001 INP298
THETAB=DATA(3) INP299
THETAS= DATA(4) INP300
THETAE= DATA(5) INP301
NANG=NANG+l INP302
IF( NANG.GT.1) GO TO 9006 INP303
GO TO 1201 INP304

C INP305
C GET HERE IF COMP CARD READ INP306
C INP307
1207 IFCOMP=IFCOMP+1 INP308

CALL SWTCH INP309
IF(IFCOMP.EQ*1) NCOMIP=0 INP310
IF(DATAC3).LE*O) GO TO 9001 INP311
NCOMP= NCOMP+1 INP312
IF( NCOMPoGT.1) GO TO 9006 INP313
COMPD=DATA(3) INP314
GO TO 1201 INP315

C INP316
C GET HERE IF PARAMETERS ARE bEIN6 CHANGED INP317
C LOCATE RECORD TO BE CHANGED AND BRANCH INP318
C INP319
1208 IF(INDAT.NE.0) GO TO 12081 INP320

READ(INTAPE,31) ((DATAT(IJ)tJ=11o) .I=1lIRMAX) INP321REWIND INTAPE INP322
INDAT=1 INP323

12081 DO 1290 I=1,IRMAX INP324
IROW=I INP325
IF((DATN(l).EQ.DATAT(IROW,1)).AND*(DATN(2).EQ.DATAT(IROW,

2 ))) INP3261 GO TO 1205 INP327
IF(DATAT(IROW,2).EQ.TEST(9)) GO TO 9017 INP328

1290 CONTINUE INP329
1205 DO 12051 J=11o INP330

12051 DATA(J)=DATAT(IROW#J) INP331
DO 1206 =1,t INP332
IF(DATN(2).EQ.TEST(I)) GO TO (206.1210v1220t123Q#1240)#I INP333

1206 CONTINUE INP334
C INP335
C GET HERE IF ANC CARD READ INP336
C INP337
1210 IF(DATA(3)*NE.DATN(3)) GO TO 9017 INP338

CALL SWTCH INP339
INDEX=DATA(3) INP340
GO TO 22 INP341

C INP342
C GET HERE IF DJNC CARD READ INP343
C INP344
1220 DO 1222 I=3t5 INP345

IF(DATA(I).NE.DATN(I)) GO TO 9017 INP346
1222 CONTINUE INP347

CALL SWTCH INP348
IF((DATA(7).LT*0.).OR.(DATA(8)*LT*0.)) GO TO 9001 INP349
GO TO 8000 INP350

C INP351
C GET HERE IF DCAB CARD READ INP352
C INP353
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1230 IF((DATA(3).NE.DATN(3))oOR.(DATA(5).NL.DATN(5))) O TO 9017 INP354
DO 1231 I=1,3,2 INP355

F=I INP356

G=I+1 INP357
IF(((DATA(4).EQ.F).OR.(DATA(4).EQG))AND((DATN(4)EQ.F).OR.(DATNINP358

1(4).EQ.G))) GO TO 1232 INP359

1231 CONTINUE INP360

GO TO 9017 INP361

1232 CALL SWTCH INP362

IF( ((DATA(4).LE.2.).OR.(DATA(4)EQo4o)).ANDs(DATA(9)oNE.0.) ) INP363

1 GO TO 9001 INP364

IF( (DATA(7).LT.0.)oOR.(DATA(8).LT.06)) GO TO 9001 INP365

IF( (DATA(4).EQ.l.).OR*(DATA(4)oEQ3)).ANDo(DATA(9).LE.O.) ) INP366

lGO TO 9001 INP367

IF( DATA(10)*LT.0. ) GO TO 9001 INP368

GO TO 8000 INP369

C INP370

C GET HERE IF CAB CARD READ INP371

C INP372

1240 DO 1241 I=3,5 INP373
IF(DATA(I).NE.DATN(I)) GO TO 9017 INP374

1241 CONTINUE INP375

CALL SWTCH INP376

EX=EXX INP377

NSEG=NNSEG INP378

INDEX=DATA(3) INP379
IF( (DATA(7).LE.Oo).OR*(DATA(8).LE.0 ).OR.(DATA(9)oLE60o) INP380

1 OR.(EX.LT.0.).OR.(DATA(10).LT*.O)) GO TO 9001 INP381

IF((DATA(10).EQ.0.).AND.(tEX.NE0.)) GO TO 9001 INP382

IF((DATA(10)eNE.0.).AND.(cX*EQe0o)) GO TO 9001 INP383

IF( (NSEG*LT.1).OR.(NSEG.6T650) ) GO TO 9001 INP384

GO TO 51 INP385

C INP386

C GET HERE IF EOD CARD READ INP387

C INP388

1260 IFEOD=IFEOD+1 INP389
IF(FATE.NE.0.) RETURN INP390

GO TO 501 INP391

C INP392

C GET HERE IF LUN CARD READ INP393

C INP394

13 INTAPE=DATA(5) INP395

IFLG=DATAC6) INP396
IF((IFLG.LT.0).OR*(IFLGoGT.1)) GO TO 9001 INP397

ISAV1=DATA(3) INP398

IF(IFLG*EQ.0) IREAD=DATA(3) INP399

IF(IFLG.EQ.l) IREAD=DATA(7) INP400

OFLG=DATA(8) INP401

IF((OFLG.LT.0).OR*(OFLG*GTo2)) GO TO 9001 INP402

IF(OFLG.EQ.0) OUTAPc=DATA(4) INP403

IF(OFLG.NEoO) OUTAPE=DATA(9) INP404
IF((IPRNT.EQ.IREAD)eOR.(IPRNTOEQOINTAPE).OR((OFLGONESO).AND INP405

l(IPRNT*EQ*OUTAPE))QORe(INTAPELQ.IREAD)ORo(INTAPE.EQOUTAPE)OR. INP406
2(IREAD.LQOUTAPE)OR((IFLGOQ*1)*ANDS(IREAD*EQ*ISAV1)))GO TO 9001INP407
GO TO 1003 INP408

14 IF((IFEOD-NDATC).Nt.1) GO TO 9018 INP409
IF(OFLG.EQ.0) GO TO 141 INP410

WRITE(OUTAPE9142) TEST(14) INP411

142 FORMAT(A4,I4s3E15*8) INP412
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141 WRITE(IPRNT,140) INP413140 FORMAT(lH1918HANALYSIS COMPLETED) INP414FATE=1* INP415
RETURN INP416

C INP417
C CHECK TO SEE IF SUSPENDED ARRAY SOURCE DECK COMPLETE INP418
C INP419

500 IF((IFJNC*EQ.O)*ORo(IFRHO.EQ-O).OR*(NANCsEQ0)) GO TO 9007 INP420
510 IF(FATE.EQ*0.) GO TO 2000 INP421

RETURN INP422
C INP423
C CHECK TO SEE IF PARAMETRIC STUDY SOURCE DECK COMPLETE INP424
C INP425

501 IF((IVOPTeEQOO).OR.(IVOPT.E.*2)) GO TO 5101 INP426
NZL=O INP427
IF(NVSEG.EQoO) GO TO 9008 INP428
IF(IFVEL.EQ*0) GO TO 549 INP429

C INP430
C SORT VELOCITY PROFILE BY Z-COORDINATE INP431
C INP432

550 DO 555 I=1,NVSEG INP433
K=I INP434
DO 555 J=KoNVSEG INP435
IF(ZVEL(I).LE.ZVEL(J)) GO TO 555 INP436
TEMP=ZVEL(I) INP437
ZVEL(I)=ZVEL(J) INP438
ZVEL(J)=TEMP INP439
TEMP=VELZ(I) INP440
VELZ(I)=VELZCJ) INP441
VELZ(J)=TEMP INP442

555 CONTINUE INP443
549 INDEX=ANJUNC(1) INP444

ZANCM=PJUNCt3,INDEX) INP445
IF(NANC.EQ.1) GO TO 511 INP446
DO 508 N=2,NANC INP447
INDEX=ANJUNC(N) INP448
IF(PJUNC(3,INUX).LT.ZANClvl) ZANCf=PJUNCC3,INDEX) INP449508 CONTINUE INP450

511 DO 509 N=1,NVSEG INP451
IF(ZVEL(N).Lt-.ZANCM) NZL=NZL+1 INP452

509 CONTINUE INP453
IF((NZL.EQ.0)*OR.(NANGeEQ.0)) GO TO 9008 INP454

5101 IF NCOMP.EQo0) GO TO 9008 INP455
IF (INDAT.NE*G) GO TO 4000 INP456

505 CONTINUE INP457
RETURN INP458

C INP459
C CHECK ON CONTINUITY OF CABLE NUMBERING AND COUNT CABLES INP460
C INP461
20U0 NCAB=ICABC22) INP462

DO 201 N=1,21 INP463
NCAB=NCAB+ICAB(N) INP464
J=ICAb(N)-ICAB(N+i) INP465
IF J.LT.0) GO TO 9009 INP466

2001 CONTINUE INP467
IF NCAB*EQoO) GO TO 9009 INP468

C INP469
C CHECK ON CONTINUITY OF JUNCTION NUMBERING AND COUNT JUNCTIONS INP470
C INP471
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20U2 NJUNC=ICHECK(44) INP472
DO 2003 N=1943 INP473
NJUNC=NJUNC+ICHECK(N) INP474
J=ICHECK(N)-ICHECK(N+1) INP475
IF (J.LT.O) GO TO 9010 INP476

2003 CONTINUE INP477

C INP478

C CHECK ON CONTINUITY OF DEVICE NUMBERING AND COUNT DEVICES INP479

C INP480
2004 NDEV=IDEV(1000) INP481

DO 2005 N=1,999 INP482
NDEV=NDEV+IDEVIN) INP483
J=IDEV(N)-IDEV(N+1) INP484
IF (J.LT.0) GO TO 9011 INP485

2005 CONTINUE INP486
2007 IF (FATE.EQ.0.) GO TO 3000 INP487

RETURN INP488

C INP489

C GET HERE IF ARRAY NUMBERED CORRECTLY INP490
C CHECK TO SEE IF NIR CONSISTENT INP491
C INP492
3000 NIRC=NCAB+NANC-NOJUNC INP493

IF (NIR*NE.NIRC) GO TO 9013 INP494
3001 IF (FATE.EQ.O.) GO TO 4000 INP495

RETURN INP496
C INP497

C GET HERE TO MAKE FINAL CHECK ON INTAPE INP498

C IINP499

4000 I=1 INP500
4009 DO 4001J=1910 INP501
4001 DATA(J)=DATAT(I1J) INP502

I=I+1 INP503
IF (DATA(2)*EQ.TEST(1)) GO TO 4002 INP504
IF (DATA(2)*EQ.TEST(3)) GO TO 4003 INP505
IF (DATA(2)*EQ.TEST(4)) GO TO 4004 INP506
IF (DATA(2)*EQ. TEST(5)) GO TO 4005 INP507
IF (DATA(2).EQeTEST(9)) GO TO 4006 INP508
GO TO 4009 INP509

C INP510

C GET HERE FOR IR INP511
C INP512

4002 ID1=DATA(3) INP513
ID2=DATA(4) INP514
IF((1D2.GT.NOJUNC).OR.(ID1.LEeNOJUNC)eORe(ID1OGToNJUNC))GO TO 9014INP515
GO TO 4009 INP516

C INP517

C GET HERE FOR DJNC INP518
C INP519
4003 ID=DATA(3) INP520

IF(ID.GT.NJUNC) GO TO 9014 INP521
GO TO 4009 INP522

C INP523
C GET HERE FOR DCAB 1NP524
C INP525
4004 ID=DATA(3) INP526

IF (IDoGT.NCAB) GO TO 9014 INP527
RL=H(ID)*(NNODE(ID)-1) INP528
IF (DATA(10)*GE*RL) GO TO 9014 INP529
GO TO 4009 INP530
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C INP531C GET HERE FOR CAB INP532
C INP533
4005 ID=DATAC4) INP534

IF(ID*GT.NJUNC) GO TO 9014 INP535
GO TO 4009 INP536

C INP537
C GET HERE FOR EOD INP538
C INP539
4006 WRITE(INTAPE31) (DATAT(IJ)oJ=1#10)oI=1,IRMAX) INP540

31 FORMAT(F4*0,A4,8E15.8) INP541
REWIND INTAPE INP542
IF(NDATC.NE.0) RETURN INP543
IF (FATE.EQ.O.) GO TO 5000 INP544
RETURN INP545

C INP546
C GET HERE IF ALL OK AND CALCULATE PATH INP547
C K IS CABLE COUNTER INP548
C INP549
5000 K=O INP550

C INP551
C LOOP=1 LOOKING FOR CABLES LEAVING ANCHORS INP552
C INP553

LOOP=1 INP554
C INP555
C JMINP REMEMBERS FIRST VALUE OF K ON A LEVLL OF TREE INP556
C INP557

JM INP=1 INP558
C INP559
C JMAX REMEMBERS NUMBER UF CABLES ON A LEVEL OF TOPOGRAPHIC TREE INP560
C INP561

JMAX=NANC INP562
IF(LOOP.EQ.1) GO TO 5002 INP563

50U1 JMAX=K INP564
IF ((LOOP*EOQ1)AND.(K*NEe1)) GO TO 9015 INP565
IF (LOOP.EQ*2).AND.(JMIN.EO.JMINP)) GO TO 9015 INP566
IF K.EG.NCAB) GO TO 5008 INP567
LOOP=2 INP568

5002 JMIN=JMINP INP569
DO 5009 J=JMINqJMAX INP570

C INP571
C LOOKING FOR CABLES LEAVING A JUNCTION INP572
C INP573

DO 5007 N=1,NCAB INP574
GO TO 5003,5004),LOOP INP575

5003 IF(ZJUNC(N)*EO.ANJUNC(J)) GO T 5005 INP576
GO TO 5007 INP577

5004 IPATHJ=PATH(J) INP578
IF(ZJUNC(N).EQ*LJUNC(IPATHJ)) GO TO 5005 INP579
GO TO 5007 INP580

C INP581
C GET HERE IF CABLE N STARTS AT JUNCTION M INP582
C INP583
5OU5 K=K+1 INP584

PATH(K)=N INP585
GO TO 5007,5006),LOOP INP586

C INP587
C REMEMBER HERE FIRST VALUE OF K ON TREE LEVEL INP588
C INP589
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5006 IF4JMAX.EQo(K-1)) JMINP=K INP590
50U7 CONTINUE INP591
5009 CONTINUE INP592

GO TO 5001 INP593
5008 CONTINUE INP594

IF(FATE.NE.O.) RETURN INP595
WRITE(IPRNT,5010) INP596

5010 FORMAT(///95XllHNO ERRORS DETECTED) INP597
GO TO 1003 INP598

C INP599
C PUT DATA INTO DATA ARRAY INP600
C INP601
8000 IF(IFEOU.NE.0) GO TO 8003 INP602

IFE((DATA(2).EQ.TEST(3)).OR.(DATA(2).EQ.TEST(4))) INP603
1*AND.(DATA(5).NE*0.)) GO TO 8001 INP604
GO TO 8003 INP605

8001 ID=DATAC5) INP606
DO 8002 J=1.10 INP607
DATAT(IROWJ)=DATAT(IDvJ) INP608

8002 DATATIID#J)=DATA(J) INP609
GO TO 8005 INP610

8003 DO 8004 J=1,10 INP611
8004 DATAT(IROWtJ)=DATA(J) INP612

IF(IFEOD.NEe0) GO TO 1201 INP613
8005 IROW=IROW+i INP614

IF(IROW.LE.2150) GO TO 1003 INP615
WRITE(IPRNTo8006) INP616

8006 FORMAT(6X,2H17,18X,45HCOMMON/81/ OUND EXCEEDED. SEE USERS MANUALINP617
1.) INP618
GO TO 1003 INP619

C INP620
C THIS SECTION GENERATES ALL ERROR MESSAGES INP621
C INP622
9116 FATE=1. INP623

WRITE(IPRNT,9500) IERVDATA(1),DATA(2) INP624
9500 FORMAT(6XI294XoF4.093X9A4) INP625

IF(IER.EQ*12) GO TO 4009 INP626
IF(IER.EQo16) RETURN INP627
IF(NDATC*EQ*0) GO TO 1003 INP628
GO TO 1201 INP629

9000 IER=O INP630
GO TO 9116 INP631

9001 IER=1 INP632
GO TO 9116 INP633

9002 IER=2 INP634
GO TO 9116 INP635

9003 IER=3 INP636
GO TO 9116 INP637

9004 IER=4 INP638
GO TO 9116 INP639

9005 IER=5 INP640
GO TO 9116 INP641

9006 IER=6 INP642
GO TO 9116 INP643

9007 IER =7 INP644
WRITE(IPRNT99501) IERtIFJNC9IFRHONANC INP645

9501 FORMAT(6XsI2#18X#5I3) INP646
FATE=1 INP647
GO TO 510 INP648
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9008 IER=14 INP649FATE=1 INP650
WRITE(IPRNT,9501) IER.NCOivP.IVOPTNVSEGNZLNANG INP651GO TO 505 INP652

9009 IER=8 INP653
FATE=1 INP654
WRITE(IPRNT99502) IER.CICAB(I),1=1.22) INP655
GO TO 2002 INP656

9010 IER=9 INP657
FATE=1 INP658
WRITE(IPRNT#9502) IERo(ICHECK( )PI=1944) INP659

9502 FORMAT(6XI218X4412) INP660
GO TO 2004 INP661

9011 IER=10 INP662
FATE=1 INP663
WRITE(IPRNT99504) IERP(IDEV(I)t1=1,1000) INP664

9504 FORMAT(6XI2.12X100I1,9(/20X,100I1)) INP665GO TO 2007 INP666
9013 IER=11 INP667

FATE=1 INP668
WRITt(IPRNT99501) IER#NCABNANCtNOJUNCtNIRCNIR INP669GO TO 3001 INP670

9014 IER=12 INP671
GO TO 9116 INP672

9015 IER=13 INP673
FATE=1 INP674
WRITE(IPRNT99507) IER INP675
GO TO 5008 INP676

9507 FORMAT(6XI2918X94HIlMPROPLR ARRAY RDUCTIUN OR JUNCTION NUMBERINGINP677
1 CHECK TREE RPRESENTATION F ARRAY (SEE ARRAY9/920X.83HREDUCTIOINP678
2N SECTION OF USERS MANUAL) AGAINST JUNCTION NUMBERING ON ANC AND CINP6793AB CARDS.) INP680

9017 DATA(1)=DATN(1) INP681
DATA(2)=DATN(2) INP682

9117 IER=15 INP683
GO TO 9116 INP684

9018 IER=16 INP685
IF(IFOD.EQo0) GO TO 9116 INP686
DATA(1)=DATN(1) INP687
DATA(2)=DATN(2) INP688
GO TO 9116 INP689
END INP690
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SUBROUTINE PHSOUT PHS001
C PHS002
C THIS ROUTINE GENERATES INFORMATION CONCERNIN THE PHYSICAL PHS003
C CHARACTERISTICS OF THE STRUCTURAL CABLE ARRAY PHS004
C PHS005

COMMON /1/ FEJUNCIRDELTAIDELTAIRSTFJUNCEESFCABRCABJUMPPHS006
1PJUNCS.PCAB PCABEPCABORCAbOTHETAPJUNCO PHS007
COMMON /B2/ NCABNNODEERJUNCIRJUNCDATADATNHPJUNC, PHS008
1CDCAb.DCAbFATENANCANJUNCIREADIPRNTINTAPEOUTAPEITIMEtIFLG, PHS009
20FLGNlRTHETASTHLTAL.COMP0UTHLTAbNJUNCoRHOTEST PHS010
3NVSEGZVELVELZPIPEClCABLXPCAbZJUNCLJUNCoPATHICAIVOPT PHS011
4WCAbqIDLVvICHECK#NDEV9NDATC PHS012
DIMENSION FEJUNC(3944),IR(3944),IRS(3944),TFJUNC(3,44),PJUNCO(3,44PHS013

1) PHS014
DIMENSION FCAB(3.5122),RCAb(3951922),PJUNCS(3944),PCAB(3,51,22) PHS015
DIMENSION PCABE(3,51,22),PCABO(3951922),RCAbO(3,51922) PHS016
DIMENSION NNODE(22),ERJUNC(44),IRJUNC(44)PDATA(10).DATN(10),HC22) PHS017
DIMENSION PJUNC(3,44)sCDCAB(22),DCAB(22),ANJUNC(44),TEST(14) PHS018
DIMENSION ZVEL(25),VELZ(25),LCICAb(22),EXPCAb(22),ZJUNC(22) PHS019
DIMENSION LJUNC(22),PATH(22),ICAb(22),WCAB(22),IDEV(1000) PHS020
DIMENSION ICHECK(44) PHS021
INTEGER OUTAPE9ZJUNCERJUNC9ANJUNC#OFLG PHS022
INTEGER PATH PHS023
REAL IRIRS PHS024
WRITE(IPRNT#25) PHS025

25 FORMAT(1H1, 54HPHYSICAL CHARACTLRISTICS OF THE STRUCTURAL CABLE ARPHS026
1RAY) PHS027
WRITE(IPRNT,1) NANC PHS028

1 FORMAT(///919H NO. OF ANCHORS IS I2.//5X,64HJUNCTION NO. X-COOPHS029
IRDINATE Y-COORDINATE Z-COORDINATE) PHS030
DO 2 N=1,NANC PHS031
INDEX=ANJUNC(N) PHS032

2 WRITE(IPRNT93) INDEX,(PJUNC( IINDEX)vI=13) PHS033
3 FORMAT(1OXI294X,3(5X9F1O.2,3X)) PHS034
NOJUNC=NCAB+NANC-NIR PHS035
WRITE(IPRNT,4) NOJUNC PHS036

4 FORMAT(//,39H NO. OF JUNCTIONS IN ORIGINAL ARRAY IS I2) PH5037
WRITE(IPRNT,5) NIR PHS038

5 FORMAT(//939H NO. OF CUTS MADE IN ORIGINAL ARRAY IS I2//1H 2(5XPHS039
112HJUNCTION NO.)9/B8X.6HOF CUT,6X917HAT WHlCH CUT MADE) PHS040
IF(NIR.EQ.O) GO TO 30 PHS041
DO 6 N=1,NIR PHS042

6 WRITE(IPRNT97) IRJUNC(N)oERJUNC(N) PHS043
7 FORMAT(OX,1I2915Xol2) PHS044
30 WRITE(IPRNT#8) NCAB PHS045
8 FORMAT(//918H NO. OF CABLES IS I29//5Xt16HCABLE 5=0 S=L43X94HPHS046
1DRAG,19X,22HCONSTITUTIVE NO OF,/,6X,3HNO.,1X,2(2X,4HJUNC),3X, PHS047
26HLENGTH,03X,8HDIAMETER,3X l3HWLIGHT/LENGTH,3XPiHCOLFFICIENT,3X, PHS048
3BHRIGIDITY,6X,8HEXPONENT,5X,8HELEMENTS) PHS049
DO 9 N=1,NCAd PHS050
NSEG=NNODE(N)-1 PHS051
RL=H(N)*NSEG PHS052

9 WRITE(IPRNT.10) NZJUNC(N),LJUNC(N),RLDCAB(N),WCAB(N),CDCAB(N), PHS053
1ECICAb(N),EXPCAB(N),NSEG PH5054

10 FORMAT(6X1295X,1294X121X9F9.1,3(3XF7.3,4X), F1O.O97XtF6.3# PHS055
19XI2 ) PHS056
WRITE(IPRNT,11) PHS057

11 FORMAT(//963H PROPERTIES OF THE DEVICLS LOCATED AT JUNCTIONS ARE APHS058
15 FOLLOWS //6X,6HDEVICE,1OX,6HLEVICE,9X11HDEVICE DRAG,4X,14HDEVIPHS059
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2CE FRONTAL,/95Xt9HJUNC* NO. 8X.6HWEIGHTs9X11HCOEFFICIENT,9X, PHS06034HAREA) PHS061
12 READ(INTAPEo13) (DATA(I).1=1,10) PHS062
13 FORMAT(F4.09A4*8E15.8) PHS063

IF(DATA(2).EQ.TEST(3)) GO TO 14 PHS064
IF(DATA(2)oEQ.TEST(9)) GO TO 16 PHS065
GO TO 12 PHS066

14 JUNC=DATA(3) PHS067
WRITE(IPRNT,15) JUNCt(DATA(K)9K=698) PHS068

15 FORMAT(8XI299X9F1O.2,6X9F10.396XF102) PHS069
GO TO 12 PHS070

16 REWIND INTAPE PHS071
WRITE(IPRNT*24) NDEV PH5072

24 FCRMAT(//932H TOTAL NO. OF IND.XLD DLVICLS 15,14) PHS073
WRITE(IPRNT,17) IVOPT PHS074

17 F0RMAT(//25H CURRENT FIELV OPTION 5 11) PHS075
IV=IVOPT+1 PHS076
GO TO (22,18,22)oIV PHS077

18 WRITE(IPRNT919) PHS078
19 FORMAT(/7X12HZ-COORDINATE,6X11HVELOCITY OF,/t8X,1OHOF CURRENT,7XoPHS079

112HCURRENT AT Z) PHS080
DO 20 N=1,NVSEG PHS081

20 WRITE(IPRNT,21) ZVLL(N)sVELZ(N) PHS082
21 FORMAT(2X,5X#Flo2,10X9F7.2) PHS083
22 WRkITE(IPRNT923) COMPD PHS084
23 FORMAT(//938H ACCURACY REQUIRED IN CALCULATIONS IS F6.2) PHS085

IF(OFLGeNE.O) WRITE(IPRNT,111) NDATC PHS086
111 FORMAT(//,30H DEVICE LOCATION OUTPUT RECORD1I321H REFERS TO THIS PHS087lARRAY ) PHS088

RETURN PHS089
END PHS090
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SUBROUTINE STROUT STRO01
C STROO2
C THIS ROUTINE GENERATES THE ARRAY STRUCTURAL OUTPUT STRO03
C STRO04

COMMON /B1/ FEJUNC9IRDELTAIULLTAIRSTFJUNCEESoFCABRCABJUMPSTRO05
1PJUNCSPCABPCABEPCABORCAbOTHETAPJUNCO STRO06
COMMON /B2/ NCABNNODEERJUNCIRJUNCDATADATNHPJUNCt STRO07
1CDCABDCABLFATENANCANJUNCtIREADtIPRNTINTAPEOUTAPEITIMEIFLG STRO08
2OFLGNIRTHETASTHTALCOMPL)TH-LTAIJNJUNCRtHO0TEST, STRO09
3NVSEG9ZVELVELZPIPECICABLXPCABZJUNCLJUNCPATHICABIVOPTv STRO10
4WCAB9IDEV, ICHECK9NDEV9NDATC STROll
DIMENSION FEJUNC(3944),IR(3.44),IRS(3944),TFJUNC(3,44)PJUNCO(3944STR012

1) STRO13
DIMENSION FCAB(3.51s22),RCAB(3951922),PJUNCS(3944),PCAB(3,51,22) STRO14
DIMENSION PCABE(3951922) PCABO(3951922) RCABO(3951922) STRO15
DIMENSIUN NNODE(22),ERJUNC(44),IRJUNC(44),DATA(10),DATN(10),H(22) STRO16
DIMENSION PJUNC(3944),CDCAB(22),DCAB(22),ANJUNC(44),TEST(14) STRO17
DIMENSION ZVEL(25),VELZ(25),ECICAB(22),EXPCAB(22)*ZJUNC(22) STRO18
DIMENSION LJUNC(22),PATH(22),ICAB(22),WCAB(22),IDEV(1000) STRO19
DIMENSION ICHECK(44) STRO20
INTEGER OUTAPEZJUNCERJUNCvANJUNC9OFLG STRO21
INTEGER PATH STR022
REAL IRvIRS STR023
DIMENSION TEMP1(3),TEMP2(3),TEMP3(3),DISP(3),PSPACE(3) STR024
DIMENSION A3),b(3) D(3)gU(3).V(3),W(3)oC(4),RQ(3).RI(3) STR025
NOJUNC=NCAB+NANC-NIR STRO26
JUM=JUMP+1 STR027
GO TO(100,200),JUM STRO28

100 WRITE(IPRNT,1002) STRO29
1002 FORMAT(1H1,33HARRAY EQUILIBRIUM WITH NO CURRENT ///) STRO30

GO TO 300 STRO31
200 WRITE(IPRNT,1001) THETA STR032
1001 FORMAT(1H1935HARRAY EQUILIBRIUM WITH CURRENT FROMPF8*29 9H DEGREESSTRO33

1 /S/) STR034
c STR035
C GENERATE ANCHOR HEADERS STR036
c STRO37

300 WRITECIPRNT,1003) STRO38
1003 FORMAT(1H 13HARRAY ANCHORS ) STRO39

WRITE(IPRNT,10031) STR040
10031 FORMAT(1H 13H - ) STRO41

WRITE(IPRNT,1004) STR042
1004 FORMAT(1H 32HJUNC* NO. CABLE AT TENSION AT #14X926HFORCE CSTRO43

1OMPONENTS AT ANCHORo13X#16HCABLE ANGLES WRT) STRO44
WRITE(IPRNT91005) STRO45

1005 FORMAT(1H 30HOF ANCHOR ANCHOR ANCHOR8X,6HX-COMP,6X,6HY-COMSTRO46
1P,6X,6HZ-COMP,3X,9HHOR.-COMP,5X,16HX-AXIS XY-PLANE) STRO47

C STR048
C THIS SECTION CALCULATES FORCES AND ANGLES AT ANCHORS STRO49
C STRO50

DO 401 J1=1,NANC STRO51
J3=0 STRO52

402 J2=1 STRO53
404 IF ANJUNC(J1)*EQ.ZJUNC(J2)) GO TO 403 STRO54
414 J2=J2+1 STRO55

IF(J2oLE.NCAB) GO TO 404 STR056
IF(NIR.EQ.0) GO TO 401 STRO57

412 J3=1 STRO58
411 IF(ANJUNC(J1)*EQ.ERJUNC(J3)) GO TO 405 STRO59
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413 J3=J3+1
IF(J3.LE.NIR) 60 TO 411
GO TO 401

405 INDEX=lRJUNC(J3)
DO 406 J4=1NCAB
IF(INDEX.EQ.LJUNC(J4)) GO

406 CONTINUE
GO TO 401

407 MM=J4

TO 407

MX=NNODE(J4)
T=TCAB CMXMM)
RX=-RCAB( 1MX9MM)
RY=-RCABC2,MXMM)
RZ=-RCAb(3 ttXMM)
GO TO 408

403 M1M1=J2
T=TCAb(1,MM)
RX=RCAB(1,1 ,MM)
RY=RCAb(2,1 ,MM)
RZ=RCAbi331 .MM)

408 RH=SQRT(RX**2 + RY**2)
A1=ASIN(RY/RH)/PIP
-A2=ASIN(RZ/T)/PIP
IF(RX.LT*0.*.ANU9CRY.GE*O*)) A1=180.-A:
IF((RXLTs0.).AND.CRY.LT*O*)) A=-180*-A
WRITE(IPRNT,1U06) ANJUNC(J1) v.MMT9RX9RYs

1006 FORMATC1H ,3XtI2,9XI2,5XF10.1 3Xv4CF1C
IF(J2.LT.NCAb) GO TO 414
IF( (J2.EQ*NCA).AND.(J3sEQ*0) ) GO TO 
IFC (J2.EQ.NCAB).ANb.(J3.NE.NJUNC) ) GO

401 CONTINUE
C
C GENERATE CAbLE HEADERS
C

WRITECIPRNT,2000)
2000 FORMATC1H ///1H .12HARRAY CAbLES

WRITE(IPRNT,2001)
2001 FORMAT(1H 12H -- )

WRITE(IPRNT,2002)
2002 FORMAT(1H ,120HCABLE MAXIMUM S-COORD

1 S-COORD LOCATION OF THIS POINT
2INT )
WRITE(IPRNT,2003)

2003 FORMATC1H ,120H NO. TENSION OF
1 OF X-COORD Y-COORD Z-CUORD
2RD

C
C THIS SECTION CALCULATES MAXIMUM AND MINIMUM
C AND MAXIMUM CABLE DISPLACEMENTS FROMI NO CURF
C BY EXTRAPOLATION BETWEEN CABLE NODcS
C
C INITIALIZE EXTREMA
c

DO 799 NN=1NCAb
N=NN
TMAX=TCAB(19N)
STMAX=0.
TMIN=TMAX
STMIN=0*

STRO60
STRO61
STRO62
STRO63
STRO64
STRO65
STRO66
STRO67
STRO68
STR069
STRO70
STRO71
STRO72
STRO73
STRO74
STRO75
STRO76
STRO77
STRO78
STRO79
STRO80
STRO81
STRO82
STRO83

A1 STRO84
*RZRH,A1,A2 STRO85
).1.2X)92(2XF7.2,1X)) STRO86

STRO87
412 STRO88
TO 413 STRO89

STRO90
STRO91
STRO92
STRO93
STR094
STRO95
STRO96
STR097
STR098

MINIMUM S-COORD MAXIMUM STR099
NO CURRENT LOC. OF THIS POSTR100

STRi01
STR102

TENSION OF DISP. STR103
X-COORD Y-COOkV Z-COOSTR104

STR105
STR106

CABLE TENSIONS STR107
RENT LOCATION STR108

STR109
STR110
STR111
STR112
STR113
STR114
STR115
STR116
STR117
STR118

60
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GO TO (802,801),JUM STR119801 DMAX=0. STR120
DO 700 =1,3 STR121

700 DMAX=DMAX+(PCAB(I1,N)-PCABO(IolN))**2 STR122
DMAX=SQRTtDMAX) STR123
SDMAX=O0 STR124

802 MX=NNODE(N)-1 STR125
DO 750 MM=1,MX STR126
M-MM STR127
M1=MM+1 STR128

C STR129
C CALCULATE EXTRAPOLATION QUANTITIES STR130
C STR131

RR=0. STR132
RD=O. STR133
DD=0. STR134
DO 701 I=1,3 STR135
D(I)=(RCAC(I M1iN)-RCAB(I MiN))/H(N) STR136
GO TO (804.803) JUM STR137

803 A(I)=EXCAB(MN)*RCABCI .MN)/TCAB(M.N) STR138
BCI)=(EXCAB(M1,N)*RCAB(I M1N)/TCAB(M1N)-A(I))/HCN) STR139
U(I)=PCAB(I9MtN)-PCABO0INqN) STR140

804 RR=RR+RCAb(I9MN)*RCAb(Ioil9N) STR141
RO=RD+RCAB(IMN)*D(I) STR142

701 DD=DD+D(I)*D(I) STR143
GO TO 806,805),JUM STR144

805 DO 702 =1,3 STR145
TEMP1iI)=RCAB(I#MtN) STR146
TEMP2CI)=RCAB(I9,M1N) STR147
RCA8CIpMN)=RCAbO(ItM9N) STR148

702 RCAb(Iii1N)=RCAbO(IM1,N) STR149
UU=O. STR150
UV=O. STR151
UVW :0. STR152
VW=O. STR153
WW=0. STR154
DO 703 I=1,3 STR155
V(I)=EXCAB(MN)*RCAbCIMN)/TCABCMtN) STR156
W(I)=(EXCABCM1,N)*RCAB(I ,"1N)/TCAbil1,N)-V(I))/H(N) STR157
V(I)=A(I)-V(I) STR158
WC I)=(BCI)-W(I))/2. STR159
UU= U+U(I)*U(I) STR160
UV=UV+U(I)*V(I) STR161
UVW=UVW+2.*U(I)*l (I)+V(I)*V(I) STR162
VW=VW+V(I)* J(I) STR163

703 WW=WW+W(I)*W(I) STR164
DO 704 =1,3 STR165
RCAB(IqMN)=TEMP1 (I) STR166

704 RCAt3(I9M19N)=TLMP2CI) STR167
806 C(4)=0. STR168

CC3)=0. STR169
C(2)=DD STR170
C(1)=RD STR171
CALL RPOLY(CRQRI) STR172

C STR173
C CALCULATE TENSION EXTREMA IN SEGNIENT STR174
C STR175

JTIME=O STR176
DO 719 I=1,3 STR177
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IF( RII).NE.O.) GO TO 719 STR178
IF(RC(I)LE.O.)OR.(R0(I).GE.(N)) GO TO 719 STR179

SIG=RQ(I) STR18

710 TE=SQRTCRR+2.*RD)*SIG+Lt*SIG**2) STR181

IFTEGTTMAX) GO TO 712 STR18

IFCTELT.TMIN) GO TO 713 STR183

711 IF(JTIME.EQ.O) GO TO 719 STR184

GO TO 715 STR184

712 TMAX=TE STR186

STMAX=H(N)*(M-1)+SIG STR187

GO TO 711 STR187

713 TMIN=T STR189

STMIN=H(N)*M-1)+SIG STR19
GO TO 711 STR191

719 CONTINUE STR192

JTIME=1 STR193

SIG=HCN) STR194

GO TO 710 STR195

715 GO TO(750716),JUM STR196

716 C(4)=2.*WW STR197

C(3)=3**VW STR198

C(2)=UVW STR199

C(l)=1 STR200

CALL RPOLY(CRQRI) STR201

C STR202

C CALCULATE MAXIMUM ISPLACEMENT IN SLGMENT STR203

C STR204

JTIME= STR205

DO 729 I=1,3 STR206

IF RII).NE.0.) GO TO 729 STR207

IF(CRQ(I).LE.O.)*OR.(RQCI).GE.HCN))) GO TO 729 STR208

SIG=RQ(I) STR209

720 DE=SQRT(UU+2.*UV*SIG+UVW*SIG**2+2**VW*SIG**3+WJ*SIG** 4) STR210

IF(DE.GT.DMAX) GO TO 722 STR211

721 IFCJTIME*EQoO) GO TO 729 STR212

GO TO 750 STR213

722 DMAX=DE STR214

SDMAX= HN)*CM-1)+SIG STR215

GO TO 721 STR216

729 CONTINUE STk217

JTIME=1 STR218

SIG=H CN) STR219

GO TO 720 STR220

750 CONTINUE STR221

C STR222

C EXTREMIA ALONG A CABLE NOW DETERMIINED STR223

C CALCULATE FINAL AND INITIAL COORDINATES OF MAXIMALLY DISPLACED POINT STR224

C STR225

GO TO 810,809)#JUM STR226

809 RL=H(N)*MX STR227

IF(SDMAX.LT.RL) GO TO 760 STR228

K=LJUNC(N) STR229

DO 751 1=1,3 STR230

ACI)=PJUNC(IPK) STR231

751 B(I)=PJUNCOCIK) STR232

GO TO 780 STR233

760 DATA(2)=TEST4) STR234

DATAC3)=N STR235

DATA(10)=SDMAX STR236
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J=(SDMAX/H(N))+1 STR237
J1=J+1 STK238
DO 761 II=1,3 STR239
I=II STR240

761 A(I)=SPACE(I) STR241
DO 762 I=1,3 STR242
TEMP1(I)=RCAB(IvJN) STR243
TEMP2(1)=RCAb(I#J1N) STR244
TEMP3(I)=PCAb(ItJ9N) STR245
RCAB(I9JN)=RCAbO(IJoN) STR246
RCAB(IoJ1N)=RCABO(I*J1N) STR247

762 PCAB(IJN)=PCABO(I,J,N) STR248
DO 763 II=1,3 STR249
I=II STR250

763 B(I)=SPACE(I) STR251
DO 764 1=1,3 STR252
RCABCI*JN)=TEMP1(1) STR253
RCAB(IJ19N)=TEMP2(I) STR254

764 PCAB(I#JN)=TEMP3(l) STR255
780 CONTINUE STR256

WRITE(IPRNT,781)NTMAXSTMAXTMINSTMINDMAXSDMAXCACI),2=1,3), STR257
1 (b(I)I=1#3) STR258
GO TO 799 STR259

810 WRITE(IPRNT,781)NTMAXSTMAXTMINSTMIN STR260
781 FORMATI1H tI4t1X,6F9.1,6F101) STR261
799 CONTINUE STR262

C STR263
C GENERATE JUNCTION HEADERS STR264
C STR265

WRITE(IPRNT,1007) STR266
1007 FORMAT(1H ///lH 15HARRAY JUNCTIONS) STR267

WRITE(IPRNT,1U071) STR268
10071 FORMAT(1H 15H …- ) STR269

WRITE(IPRNT91008) STR270
1008 FORMAT(1H 27HJUNC. CABLE i\T TENSION AT,3X#16HCABLE ANGLES WRT, STR271

110X,17HJUNCTION LOCATION,10X,33HDISPLACEM;ENT FROM NO CURRENT LOC.S)TR272
WRITE(IPRNT,1009) STR273

1009 FORMAT(1H 15H NO. JUNCTION3Xt8HJUNCTION4Xo16HX-AXIS XY-PLANE# STR274
168H X-COORD Y-COORD Z-COORD X-DISP Y-DISP Z-STR275
2DISP ) STR276

C STR277
C THIS SECTION CALCULATES JUNCTION FORCES, LOCATIONS AND DISPLACEMENTS STR278
C STR279

IF=0 STR280
DO 601 J1=1,NOJUNC STR281
DO 605 K=1,NANC STR282
IF(ANJUNC(K).EQ*Jl) GO TO 601 STR283

605 CONTINUE STR284
GO TO (602,603),JUM STR285

603 DO 604 J2=1#3 STR286
604 DISP(J2)=PJUNC(J2,J1)-PJUNCO(J2,J1' STR287
602 J6=1 STR288
608 IF(J1.tQ.ZJUNC(J6)) GO TO 606 STR289
615 IF(J1.EU.LJUNC(J6)) GO TO 607 STR290
617 J6=J6+1 STR291

IFCJ6.LE.NCAB) GO TO 608 STR292
IF(NIR.LQ.0) GO TO 601 STR293
J7=1 STR294

609 IF(J1.EQ.ERJUNC(J7)) GO TO 610 STR295
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616 J7=J7+1 STR296
IF(J7.LE.NIR) GO TO 609 STR297
GO TO 601 ST R298

606 MM=J6 STR299
T=TCAb(1oMM) STR300
RX=RCAb(31jptfl) STR301
RY=RCAB(2919MM) STR302
RZ=RCAB(3,19NIM) STR303
GO TO 611 STR304

610 INDEX=IRJUNC(J7) STR305
DO 612 J8=1#NCAU STR306
IF(INDLX.EQ.LJUNC(J8))GO TO 613 STR307

612 CONTINUE STR308
613 MM=J6 STN309

GO TO 614 STR310
607 MM=J6 STR311
614 MX=NNODE(MM) STR312

T=TCA(tIMXMM) STR313
RX=-RCAb ( 1MXNMM) STR314
RY=-RCAB(29MX.tIM) STR315
RZ=-RCAB(3,MXMM) STR316

611 RH=SQRT(RX**2+RY**2) STR317
A1=ASIN(RY/RH)/PIP STR318
A2=ASINCRZ/T,/PIP STR319
IF((RX.LTeO).AND(RY.oGL0.)) A=180.-A1 STR320
IF((RXLT.O.)oAND.(RY.LT*0.)) A=-18C.-Al STR321
IF((IF.EQ.O).AND.(JUMEQl1)) WRITE(IPRT,620) JiMNtiTtA1,A2v(PJUNCSTR322
1(KJ1)sK=193) STR323
IF((IE-LQoO)eAND.(JU.LO.2)) RITE(IPRNT,620) J1'MMTA1A29(PJUNCSTR324
1(K9J1)9K=1,3) (UISP( I)I=193) STR325
IF(IF.EU.1) WRITECIPRNT,620) J1,lt',TA1A2 STR326
IF=1 STR327

620 FORMAT(1H I496XI294X9F1O.13XF7.2,3XPF7.293(1X*F1C1)91X,3(1X, STR328
1F10.1)) STR329
IF(CJ6OLTSNCAB)SAND.(J1EUeZJUNC(J6))) GO TO 615 STR330
IF((J6LT*NCAB).AND.(J1.EQ.LJUNC(J6))) GO TO 617 STR331

601 IF=O STR332
C STlR333
C GENERATE INDEXED DVICE HEADERS STR334
C STR335

WRITE(IPRNT#519 ) STR336
519 FORMAT(1H ///1H 034HINDEXED DEVICES ALONG ARRAY CABLES ) STR337

WRITE(IPRNT,5191) STR338
5191 FORMAT(1H 34H … * ) STR339

WRITE(IPRNT,520 ) STR340
520 FORMAT(1H 7HUEVICE 5HCABLL96X,1H5,7X,10HTENSION ATo13X,15HDEVICESTR341

1 LOCATION,2X,36H DISPLACLMENT FROUM NO CURRENT LOC. ) STR342
WRITE(IPRNT,521 ) STR343

521 FORMAT(lH ,109HINDEX NO. COOIDNATE DEVICE X-COORD STR344
1 Y-COORD Z-COORD X-DISP Y-DISP Z-DISP) STR345

C STR346
C ThIS SECTION CALCULATES TNSIONS AT lNDEXED EVICES, STR347
C DEVICE LOCATIONS, AND DEVICE ISPLACEMLNTS STR348
C STR349

IF (NDEV.EQoO) GO TO 511 STR350
DO 510 N=1NDEV STR351
READ (INTApE501) (DATA(I),I=1,10) STR352

501 FORMAT (I4,A4s8E15.8) STR353
IF DATA(2)sLQ.TEST(3)) GO TO 510 STR354
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K=DATA(3) STR355
M=DATA(10)/H(K) + 1 STR356
INDEX=DATA(5) STR357
SIGMA=DATA(10)-(M-1)*H(K) STR358
TEN2=0 STR359
DO 502 11=1,3 STR360
I-II STR361
PSPACE(I)=SPACE(I) STR362

502 TEN2=TEN2+(RCABCIMK)+(RCAb(IM+1,K)-RCAB(IMK))*SIGMA/H(K))**2 STR363
TEN=SQRT(TEN2) STR364
GO TO 503,505),JUM STR365

503 WRITE IPRNT.509) INDEXKDATA(10),TEN,(PSPACE(I)g=13) STR366
GO TO 510 STR367

505 DO 506 1=1,3 STR368
TEMP1(I)=RCAB(I#M#K) STR369
TEMP2(I)=RCAB(IM+1,K) STR370
TEMP3(I)=PCAB(ItMtK) STR371
RCAB(ItM9K)=RCABO(I M9K) STR372
RCAB(I9M+1,K)=RCAbOCIM+1,K) STR373

506 PCAB(I9MvK)=PCAbO(IM#K) STR374
DO 507 II=1,3 STR375
I=II STR376

507 DISP(I)=PSPACt(I)-SPACL(I) STR377
DO 508 =1,3 STR378
RCAB(IoM9K)=TEMP1(I) STR379
RCAB(I9M+1,K)=TEMP2(I) STR380

508 PCAB(Ist,K)=TEMP3(I) STR381
WRITE(IPRNTt509) INDEXKDATA(10),TLN,(PSPACECI),I=1,3), STR382
1(DISP(I),I=193) STR383

509 FORMAT(1H I4,4X,1294X9F9.193X9F9.1,1X,3(2XF1O.1),4X,3(1XF101))STR384
510 CONTINUE STR385
511 REWIND INTAPt STR386

RETURN STR387
END STR388
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SUBROUTINE TAPOUT TAP001
TAP002

S ROUTINE GENERATES THE TAPE OR CARDS GIVING TAPO03
LOCATIONS OF THE INUEXLD DEVICES TAP004

TAP005
COMMON // kEJUNCIRULLTAIVDLLTAIRSTFJUNC~ttESFCAbRCABJUMPTAP006
1PJUNCS.PCABPCABEPCAbORCAbOTHILTAPJUNCO TAP007
COMMON /B2/ NCABNNCDEERJUNCIRJUNCDATADATNHPJUNC, TAP008
1CDCAB.DCABFATENANCANJUNCIRLADIPRNTINTAPOUTAPEITIIMEIFLG, TAP009
20FLGNI-TA59TSTHLTAECOMPLTHLTAtbNJUNICRHiOtTEST, TAP010
3NVSEGZVELVELZPlPECICAbLXPCAbZJUNCtLJUNCPATHI ICABIVOPTP TAP011
4WCAb#IDEV9ICHLCK9NDLV9NDATC TAPO12
DIMENSION FEJUNCC3,44),IR(3,44),IRS(3,44),TFJUNC(3t44),PJUNCO(3,44TAP013

1) TAPO14
DIMENSION FCABC3.51,22).RCA(3.51k2),PJUNC5(3944),PCAB(3,51,22) TAPC15
DIMENSION PCABE(3.51,22) PCABO(3951,22),RCABO(3,5122) TAP016
DIMENSION NNODE(22),ERJUNC(44),IRJUNC(44),DATA{110)ATtl(10)FI,22) TAP017
DIMENSION PJUNC(3,44),CDCAB(22),DCAB(22),ANJUNC(44)tTEST(14) TAP018
DIMENSION ZVEL(25),VELZ(25),LCICAb(22),EXPCAb(22),ZJUNC(22) TAP019
DIMENSION LJUNC(22JPATHC22),ICAb(22)9,CAb(22),IcEV(1000) TAP020
DIMENSION ICHECK(44) TAPo21
DIMENSION PSPACt(3) TAP022
INTEGER OUTAPEvZJUNCERJUNCANJUNC9OFLG TAP023
INTEGER PATH TAP024
REAL TRIRS TAP025
ID1=4H CUR TAP026
ID2=4H DEV TAPo27
ID3=4H REC TAP028
FORMAT(A491493F10*2) TAPo29
JUM=JUMP+1 TAPo30
GO TO (2*3) JUM TAPo31
WRITE(OUTAPEr1) ID3,NDATC TAP032
WRITECOUTAPEs1) ID1,JUMP TAP033
GO TO 4 TAP034
WRlTE(OUTAPE91)ID1.JUMP*THLTA TAP035
IF CNDEV.EQ*O) GO TO TAP036
DO 7 NN=19NDEV TAPo37
READ(INTAPE,5) (CATA(K)K191OJ TAPo38
FORMAT(F4.*0A498E15.8) TAP039
INDEX=DATA(5) TAP040

TAP041
CULATE LOCATION OF DEVICE IN SPACE TAP042

TAP043
DO 6 J=1,3 TAP044
ImJ TAP045
PSPACE(I)=SPACE(I) TAP046
WRITE(OUTAPE11)D2 INDEX,(PSPACELI) I=193) TAP047
CONTINUE TAPO48
CONTINUE TAP049
REWIND +NTAPE TAP050
RETURN TAPo51
END TAP052

66
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SUBROUTINE ERROR ERR001
ERRO02

S ROUTINE GENERATES A TYPE 18 ERROR MESSAGE ERRO03
HERE IF ALL IMAGINARY REACTIONS DO NOT CHANGE ERRO04

ERROO5
COMMON /1/ FEJUNCtIRDELTA1,DELTAIRSTFJUNCtEES*FCAbRCABJUMPERRO06
1PJUNCS.PCAB PCABEoPCABORCAbOUTHETAPJUNCO ERRO07
COMMON /2/ NCABNNODEERJUNCIRJUNCDATADATNHPJUNC, ERRO08
1CDCABoDCAESFATE*NANCtANJUNCIRLADIPRNTINTAPEOUTAPEITIMEIFLG, ERRO09
20FLGtNIRTHETASTHETAtCOliPboTHETAoNJUNCoRHOTEST ERR010
3NVSEGZVELVELZPIPECICA3LXPCAbZJUNCLJUNCPATHICAB3IVOPT, ERR011
4WCAB.IDEVPICHECK*NDEVeNDATC ERRO12
DIMENSION FEJUNC(3944).IR(3#44).IRS(3944),TFJUNC(344)PJUNCO(3,44ERRO13

1) ERRO14
DIMENSION FCAB(3#51922'' RCABC3,51*22) PJUNCS(3944) PCAB(3,51922)
DIMENSION PCABE(3,51,22 ),PCABO(3.51,22),RCABO(3,51l22)
DIMENSION NNOLE(22),ERJUNC(44),IRJUNC(44),DATA(1O)oDATN(10),H(22
DIMENSION PJUNC(3P44)9CDCAB(22),DCAb(22),ANJUNC(44),TEST(14)
DIMENSION ZVEL(25)tVELZ(25)9ECICAB(22),EXPCAB(22),ZJUNC(22)
DIMENSION LJUNC(22),PATH(22).ICAB(22),WCAB(22),IDEV(1000)
DIMENSION ICHECK(44)
INTEGER OUTAPEZJUNCPERJUNCPANJUNC#OFLG
INTEGER PATH
REAL IRIRS
E=E*10.
WRITE(IPRNT91)

1 FORMAT(1H152H TYPE 18 ERROR. STRUCTURAL ANALYSIS NOT COMPLETE
1/60H PRINTOUT GIVEN FOR DIAGNOSTIC PURPOSES. SEE USERS MANUAL.
JUM=JUMP+1
GO TO (4,6),JUM

4 WRITE(IPRNT,5)
5 FORMAT(5X,40HEXISTING CURRENT CONDITION IS NO CURRENT /)

GO TO 8
6 WRITE(IPRNT,7) THETA
7 FORMAT(5X,38HEXISTING CURRENT CONDITION IS THETA = ,F3*0/)
8 WRITE(IPRNT#9) E
9 FORMAT(5Xo35HBEST VALUE OF ACCURACY OBTAINED IS F6.2)

DO 2 N1,NCAB
NN=N
WRITE(IPRNT,10) NN

10 FORMAT(//5X,29HTHE TENSIONS IN CABLE NUMBER I294H ARE*/)
L=NNODE(N)
DO 2 M=19L
MM=M
T=TCAB(MMoNN)
S=H(NN)*(MM-io)

2 WRITE(IPRNT,3) TS
3 FORMAT(7X,2HT=,F10*2,6H AT 5=F1O.2)

RETURN
END

ERRO15
ERRO 16
ERRO17
ERRO18
ERRO19
ERRO20
ERRO21
ERRO22
ERRO23
ERRO24
ERRO25
ERRO26

D.ERRO27
/)ERRO28

ERRO29
ERRO30
ERRO31
ERRO32
ERRO33
ERRO34
ERRO35
ERRO36
ERRO37
ERRO38
ERRO39
ERRO40
ERRO41
ERRO42
ERRO43
ERRO44
ERRO45
ERRO46
ERRO47
ERRO48
ERRO49
ERRO50
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SUBROUTINE RPOLY(CoRRRI) RPOO01
C RPOO02
C THIS ROUTINE FINDS REAL ROOTS OF POLYNOMIAL EQUATIONS UP TO RPOO03
C C(4)*(X**3) + C(3)*(X**2) + C(2)*X + C() = 0 FOR USE IN RPOO04
C EVALUATING AXIMUM CABLE DISPLACEMENTS AND TENSION EXTREMIA RPOO05
C RPOO06
C REAL PARTS OF ROOTS ARE PLACED IN RR* IMAGINARY PARTS IN RI RPOO07
C SINCE ONLY REAL ROOTS ARE OF INTEREST. ALL NON-REAL OR RPOO08
C NON-EXISTING ROOTS RETURN R=O RI=1 RPOO09
C RPOO10

DIMENSION C(4)#RR(3)#RI(3) RPO011
IF(C(4)aNE.0.) GO TO 30 RPOO12
IF(C(3)*NE.sO) GO TO 20 RPOO13
IF(C(2).NE.0.) GO TO 10 RPOO14

C RPOO15
C GET HERE IF EQUATION IDENTICALLY SATISFIED RPOO16
C RPOO17

100 DO 1 I=1*3 RPOO18
RR(I)=0. RPOO19

1 RI(I)=1 RPOO20
RETURN RPOO21

C RP022
C GET HERE IF EQUATION LINEAR RP0023
c RPO024

10 RRC1)=-C(1)/C(2) RPO025
RI(1)=0. RPO026

200 DO 11 I=2,3 RPO027
RRCI)=0. RPO028

11 RI(I)=1l RP029
RETURN RPOO30

C RPOO31
C GET HERE IF EQUATION QUADRATIC RPO032
C RP0033

20 DISC=C(2)**2-4.*C(1)*CC3) RP0034
IF(DISCoGEs0.) GO TO 21 RP035
GO TO 100 RPO036

21 RR(I)=(-C(2)+SQRT(DISC))/(2.*C(3)) RPO037
RI(1)=0 RP038
RRC2)=(-C(2)-SQRT(DISC))/(2.*C(3)) RP039
RI(2)=0. RPOO40
RR(3)=0 RPOO41
RI(3)=1 RP0042
RETURN RP0043

C RPO044
C GET HERE IF EQUATION CUBIC RPOO45
C RPO046

30 P=C(3)/Cl4) RPO047
Q=C(2)/C(4) RPO048
R=C(1)/C(4) RPO049
A=(3.*Q-P**2)/3* RPOO50
B=(2.*P**3-9**P*Q+27**R)/27* RPOO51
DISC= (**2)/4*+(A**3)/27* RPO052
IF(DISC)32931931 RPO053

31 DISC= SQRT(DISC) RPOO54
CAPA=(((-B/2+ISC)**4)**(1./3e))/(-B/2*+DISC) RP055
CAPB=(((-B/2-DISC)**4)**(1l/3.))/(-B/2.-DISC) RP0056
RR 1)=CAPA+CAPB-P/3. RP0057
RI(1)=0. RP058
IF(DISC.GT.0.) GO TO 200 RPO059
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RR(2)-CAPA-P/3.
RI(2)=0.
RR(3)=RR{2)
RIC3)=O.
RETURN

32 DISC=2.*SQRT(-A/3.)
PHI=ACOS((-3**B)/(A*DISC))/3*
RR(1)=-P/3.+DISC*COS(PHI)
RR(2)=-P/3.+DISC*COS(PHII+3.14159265*(2./3.))
RR(3)=-P/3.+DISC*COS(PHI+3.14159265*(4./3.))
RI(l)=0.
RI(2)=0.
RI(3)=0
RETURN
END

RPOO60
RPOO61
RPO062
RP063
RPOO64
RPO065
RP0066
RP0067
RPO068
RPO069
RPOO70
RPO071
RPO072
RP073
RPO074

SUBROUTINE SWTCH SWTO01
C SWT002
C THIS ROUTINE SWITCHES INPUT DATA SWT003
C SWT004

COMMON // FEJUNC.IRDELTAIELTAIRSTFJUNCEESFCABRCABJUMPoSWT005
1PJUNCSPCABPCABEPCABORCABOTHETA.PJUNCO SWT006
COMMON /B2/ NCABNNODEERJUNCIRJUNCDATADATNHPJUNC, SWT007
1CDCABDCABFATENANG*ANJUNCIREADIPRNTINTAPEOUTAPEITIMEIFLG, SWT008
20FLGNIRTHETASTHETAECOMPDTHETAB NJUNCRHOTEST9 SWT009
3NVSEGZVELVELZPIPECICAB*LXPCAbZJUNCLJUNCPAThICAB.IVOPT SWT010
4WCAbIDEV9ICHECK#NLEVvNDATC SWT011
DIMENSION FEJUNC(3,44),IRC3o44),IRSL3t44)tTFJUNCt3,44)PPJUNCO(3,44SWTO12
1) SWT013
DIMENSION FCAB(3.51922),RCAB(3,5122),PJUNCS(3,44).PCAB(3951922) SWT014
DIMENSION PCABE(3951922),PCABO(3,51,22).RCABO(3.51,22) SWT015
DIMENSION NNODE(22),ERJUNC(44'IRJUNC(44),DATA(10JDATN(10)tH(22) SWT016
DIMENSION PJUNC(3944)oCDCAB(22),DCAb(22),ANJUNCE44).TEST(14) SWT017
DIMENSION ZVEL(25),VELZ(25).ECICAb(22),EXPCAB(22),ZJUNC(22) SWT018
DIMENSION LJUNC(22),PATH(22),ICAb(22),WCABC22),IDLV(1000) SWT019
DIMENSION ICHECK(44) SWT020
INTEGER OUTAPE#ZJUNC9ERJUNCANJUNC#UFLG SWT021
INTEGER PATH SWT022
REAL R*IRS SWT023
DO 1 I=1,10 SWT024

1 DATA(I)=DATN(I) SWT025
RETURN SWT026
END SWT027
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TH
ANI
THI

SUBROUTINE START STA001

STA002IS ROUTINE CALCULATES THE INITIAL GUESSES AT THE IMAGINARY STA003
D EQUILIBRATING REACTIONS AND THE INITIAL DELTA BASED ON STA004
TOTAL WEIGHT OF THE ARRAY STAOO5

STA006
COMMON /l1/ FEJUNCgIR9DELTAILDELTAIRS5TFJUNCLESFCAbRCABJUMPSTAOO7
1PJUNCS9PCABPCABEPCABORCAbOThETAPJUNCO STA008
COMMON /B2/ NCABoNNODEERJUNCIRJUNCDATADATNHPJUNCI STA009lCDCABbDCAB*FATE9NANCANJUNCIREADIPRNTINTAPEOUTAPEITIMEIFLG STA01020FLGNIR9THETAS*THETAECOMPDTHETABNJUNCRHO*TEST, STA0113NVSEGPZVELVELZPIPECICAbLXPCAbZJUNCLJUNCtPATHICAB.IVOPT, STA0124WCAB.IDEVICHECK#NDEVoNDATC STA013
DIMENSION FEJUNC(3944)oIR(3944),IRS(3944),TFJUNC(3944),PJUNCO(39

4 4 STAO 41) STA015
DIMENSION FCABC3s51922)#RCAb(3951922),PJUNCS(3944),PCAB(3951

22 ) STA016
DIMENSION PCABE(3951922),PCAUO(3951922),RCABO(3,51

22) STA017
DIMENSION NNODE(22)gERJUNC(44),IRJUNC(44),DATAC10),DATN(10),H(

2 2 ) STA018
DIMENSION PJUNC(3944).CDCAB(22)DCAB(22)ANJUNC(44),TEST(1

4 ) STA019
DIMENSION ZVEL(25)9VELZC25),ECICAB(22),EXPCAB(22)ZJUNCc

2 2 ) STA020
DIMENSION LJUNC(22)gPATH(22)JICAb(22),WCAB(22).IDEV(1000) STA021DIMENSION ICHECK(44) STA022
INTEGER OUTAPE#ZJUNC#ERJUNC9ANJUNC9OFLG STA023
INTEGER PATH 5TA024
REAL IRIRS STA025
WEIGHT=O. STA026
DO 1 J=1NJUNC STA027
WEIGHT=WEIGHT+FEJUNC(3J) STA028
DO 2 N=1,NCAB STA029

1

l NNN=NNIUL) (N)-1
DO 2 M=1,INNN

2 WEIGHT=WEIGHT+ FCAb(3,MN)
DO 3 N=1#NIR
KER=ERJUNC(N)
DO 3 =13

3 IRCIKER)=0o
DO 4 N=1,NIR
KIR=IRJUNC(N)
KER=ERJUNC(N)
IR(1,KIR)=O.
IR(2,KIR)=Oo
IRC3*KIR)=-WEIGHT/(NIR+1)

4 IR139KER)=IR(39KER)-IR(39KIR)
DELTAI= ABS(WEIGHT)/(NIR+1)
RETURN
END

STA030
STA031
STA032
STA033
STA034
STA035
STA036
STA037
STA038
STA039
STA040
STA041
STA042
STA043
STA044
STA045
STA046
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THI

71

FUNCTION TCAB(MK) TCA001
TCA002

S ROUTINE CALCULATES THE TENSION AT NODE M OF CABLE K TCA003
TCA004

COMMON /B1/ FEJUNCIRDELTA1 DELTAIRSTFJUNCEESoFCAB.RCABJUMPITCA005
1PJUNCSoPCABoPCABEPCABORCAbO.THETAPJUNCO TCAoo6
COMMON /B2/ NCABNNODEERJUNCIRJUNCDATADATNHPJUNC# TCA007
1CDCABDCABFATENANGANJUNCIREADIPRNTINTAPEOUTAPE9ITIME9IFLG* TCA008
20FLGNIRTHETASTHETACOMP~iTHLTAbNJUNCRHOTEST# TCA009
3NVSEGZVELVELZtPIPECICABecXPCAbZJUNCLJUNCPATHICAB9IVOPTO TCA010
4WCABIDEyICHLCKNDEV TCA011
DIMENSION FEJUNC(3,44),IR(3944),IRS3t44),TFJUNC(3,44),PJUNCO(3944TCA012

1) TCA013

DIMENSION FCAB(3951922),RCAB(3*51922),PJUNCS(3944),PCAB(3951922) TCA014
DIMENSION PCABE(3951922),PCAbQ(351,22)RCAbO(3951922) TCA015
DIMENSION NNODE(22),LRJUNC(44),IRJUNC(44),DATA(10),DATN(10)9H(22) TCA016
DIMENSION PJUNC(3,44),tCDCAB(22),DCABt(22),ANJUNC(44),TEST(14) TCA017
DIMENSION ZVEL(25)9VLLZ(25)ECICAB(22),LXPCAB(22),ZJUNC(22) TCA018
DIMENSION LJUNC(22),PATH(22),ICAB(22),WCAB(22)9IDEV(1000) TCA019
DIMENSION ICHECK(44) TCA020
INTEGER OUTAPE#ZJUNCtERJUNCANJUNCOFLG TCA021
INTEGER PATH TCA022
REAL IIRS TCA023
TCA6 =SQRT(RCAB(1lviK)**2 + RCAb(2,MtK)**2 + RCAB(3,MK)**2 ) TCA024
RETURN TCA025
END TCAO26

FUNCTION EXCAB(M#K) EXCt01
EXCO02

THIS ROUTINE CALCULATES (1 + STRAIN) AT NODE M OF CABLE K EXCO03
EXCO04

COMMON /B1/ FJUNCOIRDELTAIDELTAIRSTFJUNCEESFCAB9RCABJUMPEXCO05
1PJUNCS PCAB PCABEPCAbLUtRCAbOtTHETA PJUNCO EXCO06
COMMON /B2/ NCABNNODELRJUNCIRJUNCDATADATN.HPJUNC9 EXCO07

1CDCAboDCABFATENANCANJUNCIREADIPRNTINTAPEOUTAPE9ITIMAE9IFLG. EXCO08
20FLGNIRTHETASTiETACOMP)THETAbNJUNCRHOTEST, EXCO09
3NVSEGZVELVELZPIPECICAbLXPCABZJUNCtLJUNCPAT,ICABIVOPT, EXCO10
4WCABIDLVsICHECKNDEVNDATC EXCOll
DIMENSION FEJUNC(3944),IRC3,44),IRS(3944)oTFJUNC(3,44),PJUNCO(3,44EXCO12

1) EXCO13

DIMENSION FCAB(3951922),RCAB(3951922),PJUNCS(3944),PCAB(3951922) EXCO14
DIMENSION PCABE(3,5122),PCABO(3951922)RCA1O(3,51i22) EXCO15
DIMENSION NNODE(22)ERJUNC(44)'IRJUNC(44)tDATA(10)9DATN(10)tHC22) EXCC16
DIMENSION PJUNC(3944),CDCABC22),DCAB(22),ANJUNC(44),TEST(14) EXCO17
DIMENSION ZVEL(25),VELZ(25),ECICAB(22),EXPCAB(22),ZJUNC(22) EXCO18
DIMENSION LJUNC(22),PATH(22),ICAE(22)V!CAB(22).IDEV(1000) EXCO19
DIMENSION ICHECK(44) EXCO20
INTEGER OUTAPEZJUNCERJUNCANJUNCOFLG EXCO21
INTEGER PATH EXCO22
REAL IRoIR5 EXCO23
IF(EXPCAB(K)*EO.0) GO TO 1 EXCO24
EXCAB=1.+(TCAB(MK)/ECICAB(K))**EXPCAB(K) EXCO25
RETURN EXCO26

1 EXCAB=1. EXCO27
RETURN EXCO28
END EXCO29

C
C
C

C
C
C
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THI
US]

CAL

CHE

GET

1

GET
CAL

2

3

FUNCTION EFORCECI) EFOO01
EFOO02

IS ROUTINE CALCULATES THE DEVICE FORCES IN DIRECTION I EFOO03
ING THE NORMAL DRAG APPROXIMATION FOR IN-LINE DEVICES EFOO04

EFOO05
COMMON /B1/ FEJUNCPIR9DELTAI9tDLTAIRSTFJUNCEESFCABRCABJUMPEFO0O06
1PJUNCSoPCABPCABE9PCAbORCA6OTHETAPJUNCO EFOO07
COMMON /2/ NCABNNODLLRJUIICIRJUNCDATADATNHPJUNCI EFOO08
ICDCAB#DCA89FATENANCANJUNCIREADIPRNTINTAPEOUTAPEITIMEIFLGP EFOO09
20FLGNIRTHETASTHETAECOMPUTHETABNJUNCRHOTEST EFOO103NVSEGgZVELVELZPIPECICAdEXPCABZJUNCLJUNCPATHICABIVCPT EFO011
4WCABIDEVICHECKNDEVNDATC EFOO12
DIMENSION FEJUNC(3944),IR(3944),IRS(3,44),TFJUNC(3,44),PJUNCO(3944EFO013

1) EFOO14
DIMENSION FCAB(3951922)#RCAb(3951922)PJUNCS(3944)PCAB(39519

2 2 ) EFOO15
DIMENSION PCABE(3,51922),PCAbOC3,51,22),RCABOC3,51,22) EFOO16
DIMENSION NNODE(22)tERJUNC(44),IRJUNC(44),DATA(10),DATN(10),H(

2 2) EFOO17
DIMENSION PJUNC(3944)oCDCAB(22),DCAB(22),ANJUNC(44),TEST(14) EFOO18
DIMENSION ZVELC25)*VELZ(25),LCICAB(22),EXPCAB(22)ZJUNC(22) EFOO19
DIMENSION LJUNC(22).PATH(22)*ICAB(22),WCABC22),IDEV(1000) EFOO20
DIMENSION ICHECK(44) EFOO21
DIMENSION WTEL(3)VNORM(3),PSPACE(3) EFO022
INTEGER OUTAPE9ZJUNC9ERJUNCANJUNsC9OFLG EF0023
INTEGER PATH EF0024
REAL IRoIRS EFOO25

EF026
_CULATE THE WEIGHT VECTOR OF A DEVICE EFO027

EF0028WTEL(1)=0 EFO029
WTEL(2)=0 EFOO30
WTEL(3)=DATA(6) EFOO31

EF032
CK TO bt IF CURRENT OR NO CURRENT EF0033

EF0034
JUM=JUMP+1 EFO035
GO TO(192),JUM EFO036

EF037HERE IF NO CURRENT EF038
EFO039

EFORCE = WTEL(I) EFOO40
RETURN EFOO41

EF042
HERE IF CURRENT EF0043

CULATE LOCATION OF DEVICE IN SPACE EFO044
EF045

DO 3 KK=193 EFOO46
K=KK EF047
PSPACE(K)=SPACL(K) EFOO48

CHECK IF DEVICE IS IN-LINE OR FREE

IJMP=DATA(4)
GO TO C5949594),IJMP

EFO049
EFOO50
EFOO51
EF0052
EF0053
EF0054

C GET HERE IF FREE TYPE DEVICE -- CALCULATE MAGNITUDE OF THE CURRENT EFO055
C EFO056

4 VMAG=SURT(VELOC(1,PSPACE)**2 + VELOC(2,PSPACE)**2 + VELOC(3,PSPACEEFOO57
1)**2 ) EFO058

C EFO059
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C
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C
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C
C

C
C
C
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C CALCULATE THE FORCE ON THE FREE DEVICE
C

EFORCE = WTEL(I)+CRHO/2e)*DATA(7)*DATA(8)*VMAO*VELOC(ItPSPACE)
RETURN

C
C GT HERE IF IN-LINE DEVICE
C CALCULATE THE TANGENTIAL PROJECTION OF THE CURRENT ON THE DEVICE
C TANG(I) EVALUATES THE UNIT TANGENT TO A CABLE AT ANY POINT
C

5 VPROJ=O.
DO 6 KK=1.3
K=KK

6 VPROJ=VPROJ + VELOC(KPSPACL)*TANG(K)
c
C CALCULATE THE NORMAL COMPONENT OF THE CURRENT AND ITS MAGNITUDE
C

DO 7 KK=1*3
K=KK

7 VNORMlK)=VELOC(KsPSPACE)-VPKUJ*TANG(K)
VNMAG=SURT(VNORM(1)**2 + VNORM(2)**2 + VNORiA(3)**2)

C
C CALCULATE THE FORCE ON THE IN-LINE DEVICE
C

EFORCE=WTEL(I)+ RHO/2.)*DATA(7)*(DATA(8)/12.)*DATA(9)*VNMAG
1 *VNORM(I)
RETURN
_ND
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EFOO60
EFOO61
EF062
EFO063
EF064
EF0065
EFO066
EF067
EFO068
EFO069
EFOO70

* EFOO71
EF072
EFO073
EFO074
EF075
EF0076
EFOO77
EF078
EF079
EFOO80
EFOO81
EF082
EF083
EF084
EFO085
EF086
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FUNCTION CFORCE (IM,N)

THIS ROUTINE CALCULATES THE FORCL/LLNGTH IN DIRECTION I AT NODE M
ON CABLE N USING THE NORMAL DRAG FORCE APPROXIMATION

C CAL
C

C
C CHE

GET

1

CF0001
CFO002
CFO003
CFO004
CF0005

COMMON /B1/ FJUNCSIRUELTAI1DELTAIRSTFJUNCE.ESFCAB9RCAJUMPCFO006
1PJUNCS9PCABPCABEPCABORCABOTHETAPJUNCO CFO007
COMMON /B2/ NCA8,NNODEERJUNCIRJUNCDATADATNHPJUNC, CFO008
1CDCABPDCAbFATENANCANJUNCIREADIPRNTINTAPE9OUTAPEITIMEIFLG, CF0009
2OFLGNIRTHLTASTHLTAECOMPUTHLTAoNJUNCRIIOTEST CFOOC1
3NVSEGZVELVELZPIPECICABLXPCAbZJUNCLJUNCPATH, ICAB.IVOPT, CFO011
4WCABIDEV.ICHECKNDEVNDATC CFO012
DIMENSION FEJUNC(3944),IR(3,44),IRS(3944),TFJUNC(3,44),PJUNCO(3t44CFO013

1) CF0014
DIMENSION FCAB(3.51922).RCAb(3,51.22)PJUNCSC3,44)PCAB(351922) CFO015
DIMENSION PCABE(3,51,22),PCABO(3951922),RCABO(3,51l22) CFO016
DIMENSION NNODE(22),ERJUNC(44),IRJUNC(44)*DATA(10),DATNC1O)tH(22) CFO017
DIMENSION PJUNC(3.44),CDCAb(22),DCA(22),ANJUNC(44),TEST(14) CFO018
DIMENSION ZVEL(25),VELZ(25),ECICAB(22),EXPCAB(22),ZJUNC(22) CFO019
DIMENSION LJUNC(22),PATH(22),ICAB(22),WCAB(22),IDEV(1000) CF0020
DIMENSION ICHECK(44) CF0021
DIMENSION WTCAB(3),VNORM(3),PSPACEC3) CF0022
INTEGER OUTAPE#ZJUNCLRJUNCANJUNCCFLG CF0023
INTEGER PATH CF0024
REAL IR#IRS CF0025

CFO026
LCULATE THE WEIGHT/LLNGTH VECTOR CF0027

CF0028
WTCAB(I1)=O. CF0029
WTCAb(2)=O. CFO030
WTCAB(3)=WCAB(N) CF0031

CF0032
ECK TO SE IF CURRENT OR NO CURRENT CF0033

CF0034
JUM-JUMP+1 CF0035
GO TO (192)9JUM CF0036

CF0037
HERE IF NO CURRENT CF0038

CF0039
CFORCL=WTCAB(I) CFO040
RETURN

C
C GET HERE IF CURRENT
C CALCULATE LOCATION OF NODE IN SPACE
C

2 DO 3 K,3
3 PSPACE(K)=PCAB(KMN)

C
C CALCULATE THE TANGENTIAL PROJECTION OF THE CURRENT ON THE CABLE

VPROJ=O
DO 4 KK=1#3
K=KK

4 VPROJ=VPROJ + VELOC(K#PSPACE) * RCAb(KMN) / TCA6(MtN)

CALCULATE THE NORMAL COMPONENT OF THE CURRENT AND ITS MAGNITUDE

DO 5 KK=193
K=KK

CFO041
CF0042
CF0043
CF0044
CF0045
CF0046
CF0047
CF0048
CF0049
CFO050
CFO051
CF0052
CF0053
CF0054
CF0055
CF0056
CF0057
CF0058
CF0059
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5 VNORM(K)= VELOC(K#PSPACE) - VPROJ * RCAB(KMtN) / TCAB(MN)
VNMAG = SQRT(VNORM(1)**2 + VNORM(2)**2 + VNORM(3)**2 )

C
C CALCULATE THE FORCE/LENGTH
C

CFORCE=WTCAB(I)+(RHO/2.)*CDCAb(N)*(DCAB(N)/12)*XCABE(MN)*VNMAG
1 *VNORM(I)
RETURN
END

C
C TH]
C OF
C

GET

CFO060
CF0061
CF0062
CFO063
CF0064
CF0065
CFO066
CF0067
CF0068

FUNCTION SPACEMI) SPA001
SPA002

IS ROUTINE CALCULATES THE LOCATION IN SPACE SPA003
ANY POINT ON THE ARRAY SPA004

SPA005
COMMON // FEJUNCIR.DELTAIDELTAIRSTFJUNCEESFCABRCABJUMPSPA006
1PJUNCS9PCABPCABEPCAi30,RCAUOTHETAPJUNCO SPA007
COMMON /2/ NCALBNNODEERJUNCIRJUNCDATADATNHPJUNC, SPA008
ICDCABoCAbFATENANC9ANJUNCtIREADIPRNTINTAPEOUTAPEtITIMEIFLG SPA009
20FLGNIRTHETASTHETAECOMPDTHLTABNJUNCoRHOTEST SPA010
3NVSEGZVELVELZoPIP ,LCICADLXPCAUZJUNCLJUNCPATH91CAB.IVOPT. SPA011
4WCAb I ULVtICHLCK 9NDLV pNDATC SPA012
DIMENSION FEJUNC(3944).IR(3944),IRS(3944),TFJUNC(3,44),PJUNCO(3944SPA013

1) SPA014
DIMENSION FCAB(3951.22).RCAb(3951922),PJUNCS(3,44),PCAB(3,51922) SPA015
DIMENSION PCABE(3951922),PCABO(3,51,22),RCABO(3951922) SPA016
DIMENSION NNODE(22),ERJUNC(44),IRJUNC(44),DATA(1O),DATN1O),Hc22) SPA017
DIMENSION PJUNC(3944).CDCAB(22),DCAB(22),ANJUNC(44),TEST(14) SPA018
DIMENSION ZVEL(25)VLZ(25)ECICAB(22),EXPCAb(22)ZJUNC(22) SPA019
DIMENSION LJUNC(22),PATH(22),ICA,22),WCAB(22),IDV(1000) SPA020
DIMENSICN ICHECK(44) SPA021
INTEGER OUTAPEvZJUNC9LRJUNC9ANJUNC#OFLG SPA022
INTEGER PATH SPA023
REAL IRIRS SPA024
IF(DATA(2).EQ*TEST(3)) GO TO 1 SPA025
IF(DATA(2).EQ.TEST(4)) GO TO 2 SPA026

SPA027
HERE IF JUNCTION POINT SPA028

SPA029
K=DATA(3) SPA030
SPACE = PJUNC(I#K) SPA031
RETURN SPA032

SPA033
HERE IF POINT ON A CABLE SPA034

SPA035
N=DATA(3) SPA036
M= (DATA(10)/H(N)) +1 SPA037

SPA038
CULATE DISTANCE. SIGMA. OF POINT FROM NODE M SPA039

SPA040
SIGMA = DATA(10) - (M-I)*H(N) SPA041

SPA042
CULATE EXTRAPOLATION QUANTITIES SPA043

I

GET

2

CAL

CAL

EM=EXCAB(MN)*RCAB(IMN)/TCAB(MN)
EM1=EXCAB(M+1,N)*RCAB(I M+1 N)/TCAB(M+1 N)

C
C CALCULATE LOCATION
C

SPACE = PCAB(IMN)+EM*SIGMA+((EMl-EM)/H(N))*(SIGMA**2)/2.
RETURN
END

SPA044
SPA045
SPA046
SPA047
SPA048
SPA049
SPAO50
SPA051
SPA052

C
C
C

C
C
C

C
C
C

C
C
C
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FUNCTION TANG(I) TAN001
TAN002

IS ROUTINE CALCULATES THL UNIT TANGENT TO A CASLE AT ANY POINT TAN003
TAN004

COMMON /B1/ FEJUNC9IR.DELTAI9DELTAIRSTFJUNCLESoFCABRCABJUMPTAN005
1PJUNCSPCABPCABE*PCAbORCAbOTHETAPJUNCO TANoo6
COMMON /B2/ NCABONNODELRJUt4CIRJUfCDATADATNHPJUNCo TAN007
1CDCABDUCAbFATLNANCANJUNCIRLADIPRNTINTAPEOUTAPEITIMEIFLG TAN008
20FLGtNIRTHETASTHETALCOIMPLTHLTAbNJUNCRHOTEST, TAN009
3NVSEG.ZVEL.VLLZPIPECICAi3,;XPCAL5,ZJUNCLJUNCPATtI1ICABIVOPT, TAN010
4WCAt91IDEVCHECKNDEVNUATC TAN011
DIMENSION FEJUNC(3.44),IR(3944),IRS(3944),TFJUNC(3,44),PJUNCO(3,44TAN012

1) TAN013
DIMENSION FCAB(3.51922).RCAb(3,51,22),PJUNCS(3944),PCAb(3,51922) TAN014
DIMENION PCAbL(3951922)PCAbU(3951922)CABO(3951l2Ž) TAN015
DIMENSION NNODLC22),ERJUNC(44),IRJUNC(44),DATA(10),DATN(10),H(22) TAN016
DIMENSIN PJUNC(3944),CUCAti(22),DCAb(22),ANJUNC(44),TEST(14) TAN017
DIMENSION ZVEL(25).VELZ(25).LCICAB(22),EXPCAB(22),ZJUNC(22) TAN018
DIMENSION LJUNC(22),PATH(22),ICAB(22)WCAB(22),1DEV(1000) TAN019
DIMENSION ICHECKt44) TAN020
INTEGER OUTAPEZJUNC9LRJUNC9ANJUNCOFLG TAN021
INTEGER PATH TAN022
REAL IR.IRS TANo23
N=DATA(3) TANo24
M= tDATA(10)/HtN)) + 1 TAN025

TAN026
LCULATE DISTANCE SIGMA. OF POINT FROM NODE M TANo27

TAN028
SIGMA= DATAt10) - M-1)*H(N) TAN029

TAN030
CULATE LXTRAPOLATION QUANTITIES TAN031

TAN032
EM= RCAb(I#M#N)/TCAB(MN) TAN033
EM1= RCAB(IoM+1N)/TCAB(M+1,N) TAN034

TAN035
CULATE TANGENT TAN036

TAN037
TANG= EM+((EM1-EM)/H(N)) * SIGMA TAN038
RETURN TAN039
END TAN040

76

C
C THI

CAL

CAL

C
C CAL
C



NRL REPORT 7640 77

FUNCTION VELOC(IPSPACE) VEL001
VEL002

'HIS ROUTINE SPECIFIES THE I COMPONENT OF THE CURRENT FIELD VEL003
.T AN ARBITRARY POINT IN SPACE, PSPACECI) VEL004

VEL005
COMMON // FEJUNCIR9DELTAI9ULLTAIRSTFJUNCEESFCAbRCAUJUMPVELOO6
1PJUNCSPCABPCAt3oPCAORCAbOTHLTAPJUNCO VELO07
COMMON /2/ NCABNNODELERJUi'C.IRJUNCATADATNHPJUNCO VEL008
1CDCAbDCAB9FATENANCANJUNCIRLADIPRNTINTAPEOUTAPEITIMEIFLGP VEL009
20FLG'NIRTHETAS*THETAECOMPD)THETAbUNJUNC*RHOTEST VEL010
3NVSEGZVELVELZPIPECICAbEXPCA3ZJUNC LJUNCPATHoICABoIVOPT# VEL011
4WCAbv10EVICHECK#NDEVNDATC VEL012
DIMENSION FEJUNC(3944),IR(3944),IRS(3,44),TFJUNC(3o44),PJUNCO(3944VEL013

1) VEL014
DIMENSION FCAB(3951922).RCAB(3951922),PJUNCS(3944),PCAB(3,51t22) VEL015
DIMENSION PCABE(3.51922),PCABO(3951922),RCABO(3,51,22) VEL016
DIMENSION NNODL(22),ERJUN4C(44),1RJUNC(44),DATA(10),DATN(10),HC22) VEL017
DIMENSION PJUNC(3944),CDCAB(22),DCABC22),ANJUNC(44),TEST(14) VEL018
DIMENSION ZVEL(25),VELZ(25)oECICAB(22),EXPCAB(22),ZJUNC(22) VEL019
DIMENSION LJUNC(22),PATH(22),ICAB(22)*WCAB(22),IDEV(1000) VEL020
DIMENSION ICHECK(44) VEL021
DIMENSION PSPACE(3) VELO22
INTEGER OUTAPEZJUNCERJUNCANJUNCOFLG VEL023
INTEGER PATH VEL024
REAL IRIRS VEL025
GO TO 1010*30)#I VEL026

10 Z=PSPACE(3) VEL027
DO 11 KK=1,NVSEG VEL028
K=KK VELo29
IF(Z.GT*ZVEL(K)) GO TO 11 VEL030
GO TO 12 VEL031

11 CONTINUE VEL032
VFPS=(1.6878)*VELZ(K) VEL033
GO TO 14 VEL034

12 IF(K*NE.1) GO TO 13 VEL035
VFPS=(1.6878)*VELZ(K) VEL036
GO TO 14

13 SIGMA=Z-ZVEL(K-1)
SLOPE=(VELZ(K)-VELZ(K-1))/(ZVEL(K)-ZVEL(K-1))
VFPS=(1.6878)*(VELZ(K-1)+SLOPE*SIGMA)

14 GO TO (21,22),I
21 VELOC=VFPS*COS(THETA*PIP)

RETURN
22 VELOC=VFPS*SIN(THETA*PIP)

RETURN
30 VELOC=o

RETURN
END

VEL037
VEL038
VEL039
VEL040
VEL041
VEL042
VEL043
VEL044
VEL045
VEL046
VEL047
VEL048

C
C
C
C

T
A4



Appendix B
EXAMPLE

As an example, the Seacon II array being designed for mooring motion experiments
by the Naval Civil Engineering Laboratory, Port Hueneme, California is considered. This
array has the same overall geometric configuration as the array shown in Fig. 2b. The re-
duction of this array to a statically determinate array is illustrated in Fig. 3b.

The image of the Seacon II array input deck is shown below.* Note that various
devices representing tensiometers, current meters, etc., are included in the array. A brief
parametric study of anchor misplacement is also included.

60

6
1
2
3
7
8
9
1
2
3
4
5
6
4
4
6
4
5
6
1
1
1
4
4
6

1 .99

61 24

3808
1904
1904

2
3

l
1
5
6
4
6
4
2
2
2
2
2
2
4
3
3
3
3
3

0
-3298
3298

2 62

0
0
0

4 -a310
7 -.310
8 -.310
5 -.310
9 -. 310
6 -.310
1 1700
i 1'100
5 1700
2 -20
4 -20
6 -20

-20
-10
-10
-10
-10
-10

1
0 *15

1860 .40
e360 *60

0 30 60

1
2 1900 -3335
3 1925 3250

1.2
1.2
1.2
1 .2
1.2
1.2
0.5
0.5
0.5
1.2
1.2
1.2
1.2
1.2
1*2
1.2
1.2
1*2

.727
*727
.727
.727
*727
*727

18.55
18.55
18.55
.875
*875
.87s
.875

5

5
5

18a5 

412o
4128
4128
1000
1000
1000

2457000
2457000
2457000
2457000
2457000
2457000

1 50
1 50
1 50
1 20
1 20
1 20

500
500
500

2064
1 0.5
1 4127*5
1 0.5
1 999.5
1 0.5

15
30

*The authors would like to thank Dr. Norm Albertson for supplying the Seacon II array physical charac-
teristics.

78

1 LUN
1 1NJNC
21 ANC
22 ANC
23 ANC
31 Ik
32 IR
33 IR
41 CAb
42 CAb
43 CAb
44 CAb
45 CAb
46 CAB
5iDJNC
52uJNC
53DJNC
61UCAB
62DCAb
630CAb
64DCA6
65UCAb
66uCAB
67DCAtS
6buCAu
69DCAb
71 DEN
2 LOD

10iNDAT
lilCut'lP
121 VEL
122 VEL
123 VEL
131 ANG
102 LOD
201NDAT
22 ANC
23 ANC

202 LOD
301 LOP
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The image of the Seacon II array device location output file is shown below.

REC 1
CUR 0
DEV 1 -565.16 1.50 2312.50
0EV 2 -138.52 -244.92 223be29
DEV 3 285.77 -489.98 2328.12
DEV 4 285.80 1.86 2249.19
DEV 5 285.82 493.08 2333.17
DEV 6 -138.16 248.16 2241.16
CUR 1 0.00
DEV 1 -499.41 1.80 2263.40
DEV 2 -65.62 -241.92 2231.52
UEV 3 353.71 -485.59 2346*90
0EV 4 372.56 2.00 2251.74
DEV 5 353.59 488.83 2352.27
DEV 6 -65.39 245.49 2234.62
CUR 1 30.00
DEV 1 -506.03 41.05 2265.15
DEV 2 -69.73 -196.35 2220.48
DEV 3 350.27 -446.82 2317.73
)LV 4 360.36 45.68 224b*73
DEV 5 342.50 527.63 2371.24
DEV 6 -74.37 288.59 2239.14
CUR 1 60.00
VEV 1 -527.94 70*14- 2277.33
DEV 2 -93.43 -166.26 2214*05
DEV 3 326.43 -423.70 2291.88
DEV 4 327.38 71.91 2245.19
DEV 5 319.18 552.49 2375.65
DEV 6 -98.91 319.66 2238.21
REC 2
CUR 0
0EV 1 -570.20 -31.96 2323.52
0EV 2 -144.54 -281.00 2252.19
UEV 3 278.27 -528.37 2342.92
DEV 4 280.87 -36.29 2265od3
DEV 5 283.46 454.31 23J3*22
DEV 6 -141.21 212.40 2256o51
CUR 1 0.00
DEV 1 -503.62 -30.55 2273.32
DEV 2 -71.08 -276.93 2244*40
DEV 3 346.56 -523.13 2360.74
DEV 4 368.77 -35*47 2267*19
0EV 5 351*71 450.37 2372.34
DEV 6 -67.77 210.40 2249.67
CUR 1 30.00
DEV 1 -509.82 9.66 2274.84
DEV 2 -74.60 -230.24 2232.77
DEV 3 343.83 -483.13 2330.80
UEV 4 356.68 9.54 2264.11
DEV 5 340.69 490.23 2391.46
DEV 6 -76.41 254.58 2254.08
CUR 1 60.00
DEV 1 -531.57 39.15 2287.11
DEV 2 -98.03 -199.73 2226.26
DEV 3 320.32 -459.47 2304.76
DEV 4 323.56 36.32 2260.94
DEV 5 317.38 515.63 23V5.96
DEV 6 -100.82 286.38 2253.00
EOP



Appendix C
NONSTANDARD CURRENT FIELD

By changing the arithmetic calculations in the subprogram VELOC(I,PSPACE) [see
Appendix A-Source Language Listing], it is possible to introduce an arbitrary current
field into DESADE. No other changes in DESADE are necessary.

Within VELOC, PSPACE(I) is a position vector giving the location of an arbitrary
point in space referred to the fixed Cartesian coordinate system, in which X = PSPACE(1),
Y = PSPACE(2), and Z = PSPACE(3). Similary, VELOC(1,PSPACE) is the X component
of the current at this point in space, VELOC(2,PSPACE) is the Y component, and
VELOC(3,PSPACE) is the Z component. Note that the calculations must yield VELOC
in feet per second.

The current angle THETA is available as a variable in VELOC [that is, one can
change the direction of the nonstandard current field with respect to the X axis if de-
sired]. Also, PIP = r/180 for conversion from degrees to radians.

An ANG card must appear after the first NDAT card specifying a current field
option = 2 whether or not THETA is used in VELOC (see PARAMETRIC STUDY
SOURCE DECKS). If THETA is not used in VELOC, the ANG card serves as a "dummy"
card allowing DESADE to run, and it suffices to leave fields 3 and 5 blank and to set
Field 4 as an arbitrary, but positive, number (see ANG card).
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